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FOREWORD
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RetnWasi2nton, for the Air Force Flih :Dynamics Laboratory, Research

abA Zcbioloy MV .1..., -Air Force Byiitems Command, -Wright-PatleTon Air
lForce ase *under'ýAF Contrgact No ,AF3(615)'-237 8. This research work is
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matc.te u ,tghdiyn---- forces, low-altitude and VTOL escape per-
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"Crew. Escape Techniques Research." The Air Force program monitor was
Mr. Marvin C. Whitney, office symbol FDFR,:ý Recovery and Crew Station
Br;ach. The research was conducted from February 1965 to August 1966.

Mr. John 0. Bull of The Boeing Company, Product Developm•ent Tech-
nology Section was the project leader responsible for the study organization
and technical direction of the work performed. Other Boeing personnel con-
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Jakob Schor, Larry J. Nolan, Edward L. Serocki, Bernie C. Mackey.
George A. Dowling, George W. Milner, Claud Hendry, Liale R. Towner,
and Michael D. Terry.

Information in this report is embargoed under the Department of State
International Traffic In Arms Reguaatlons. The report may be released to
foreign governments by departments or agencies of the U.S. Government
subject to approval of the Air Force Flight Dynamics Laboratory, or higher
authority within the Department of the Air Force. Private individuals or
firms require a Department of State export license.

The manuscript was released by the alithors In August 1966 for publication
as a technical report.

This technical report has been re;---wed arid ls approved.

GEORGE A. SOLT, JR.
Chief, Recovery & Crew Station Branch
Vehicle Equipment Division
AF Flight DOnamics Laboratory



ABSTRACT

Ttis report covers the results of a study to define crew escape require-
ment and criteia for selection, evaluation, and design of crew escape
systrmi for VTOL: and lowv-altitude dash v hicles. Escape concept perform-
ance, survival, pressurL-,.on, restraini, cr.ew comfort and efficiency, and
des elopment and qualificatton testing requirements af•s defined. Representa-
tive open ejection seat, encapsulated ejection seat, cockpit pod, and separable
nose capsule escape concepts and vehicle configurations are defined. Escape
concept performance capabilities with respect to altitude, speed, and descent
angle are presented and results of analyses of escape concept effectiveness
for VTOL hover and transition, conventional takeoff and landing, low-altitude
dash, and high-speed and high-altitude flight regimes are preseited. Also,
the resuits of an investigation of automatic emergency detection and ebcape
.nitiation are presented. Escape concept trade data relative to escape and
survival potential, reliability, cost, weight, volumetric penalty, availability,
crew comfort an.J efficiency, and crew safety were de'veloped and ave
presented n a form useful as a guide in the selection, evaluation and design
of escape concerts for advanced VTOL and low-altitude dash vehicles.
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SETION I

INTRODUCTION

'The objectives of this study are to define czwescape reqnlremcýjs and,
criteriai for seletion, evaluation and design of est,.ape systems for VIXL and
low-altitude dash vehiclas., Crew- escape requirements were defi ined. i term;s
of escape concept performance, si-,cvival after landing, emergency pres.iui=,-
tion, restraint, crew- comfort• and efficiency, and crew comipartn.cnt 1ntegration.
Test requirements for development, qcualification, and verification of escspe

r performance capability also were defined. " Representative open ejection seat,
encapsulated ejection seat, cockpit pod capsale, -and separable nose capsule
escape concepts-and vehicle conilguratiomis were established. Basic escane
concept performance capabilities with respect to vehicle ea i.btde, descant an e,
ard. speed were calculated. Special analyses anid cvza1ua-%Vons %of esca-e conaeneDt
effectiveness foi VTOL hover and trsasition conventional ttae-off, anad landing,
and low-altitude dash flight regimes werz accomplished. Also, analyses tý
evaluate automatic emergency detection and initiation were accomplished.

Escape concept trade datA pertaining to escape capabiffity, surv'ived. capa-
bility, reliability, cost, weight, volumetric penalty, availability, crew comfort
and efficiencly, and crew safety were devoloped. A summary of the -r'c t-, a
is presented and a rank order rating of the escape concepts wih ..
trade factor Is proyvided. Thin will be useful as a guide in the...,k ', -
ation, and design of escape coucepts for future advaniced VTOL azd 0;, a.Iu.. eu
dash vehicles.



-~ - -SECTION 11

PRELIMINRY INVESTIGATION

i. ESCAPE SYSTEM GOALS AND REQUIREMENTS

Escape system goals and requirements with respect to escape capability,
survival equipment, emergency pressuriiation, restraint, crew comfort and
efficiency, andcrew compartment integration have been defined for use as

"guidelines for-theestablishment of design criteria and the evaluation of crew
escape concepts Three types of vehicles wvre considered in this study: (1)
subsonic VTOL vehicle; (2) supersonic low-altitude dash vehicle; and (3) com-
bitted capability vehicle, having both VTOL and supersonic dash capability.

a. Escape System Capability

(1) VTOL Vehicle

The current state-of-the-art of VTOL technology does not permit
a precise prediction of landing and take-off techniques or emergency escape
conditions for advanced VTOL vehicles. Purtaer, attitde control is sensitive
to vehicle configuration, and numerous power and control alternatives are
currently being considered. Thus, variations in control characteristics make
it diffieult to generalize emergency escape requirements. However, present
VTOL design philosophy relating V; flight safety and vehicle attitude control in
the event of power failure may be used as a basis for establishing certain escape
system goals. Current design philosophy will provide lift engine configurations
that will minimize asymmetric thrust in the event of power failures. Also,
compensation ror asymmetric thrust will be provided by automatic actuation
of the control system and by automatic termination of thrust on opposing lift
engines. Ideally a power failure would result in the VTOL ,.ehicle crashing in
a controlled level attitude. A minimum acceptable design would be a vehicle
capable of maintaining sufficieut attitude control for a limited period of time to
permit emergency escape. Based on preliminary estimates of control require-
ments and VTOL vehicle dynamics, it is reasonable to presume that vehicle
pitch and roll rates can be limita so as not to exceed 0.5 radian per second.
Therefore. for the purposes of this preliminary anlysis, pitch and roll rates
of 0. 5 radian per second are used as a basis for defining limiting escape con--
ditions for VTOL vehicles.

Escape system capability requirements for the VTOL vehicle are
defined as follows:

0 During level flight for all combinations of airspeed and altitude as shown on
Fig. 1 for the VTOL vehicle.

,- At ground level from zero speed to the maximum speed capability of the
vehicle (Mach 0. 9 at sea level).

0 During all phases of conventional takeoff and landing.

During all phases of the repres&ntative normal vertical takeoff as defined
in Fig. 2.

During all phases of the -:epresentative normal vertical landinga s defined

3
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* During the vertical takeoff and landing emergency c.-nditions shown on
Figs. 4 and 5: free-fall conditions for level attitude, rolling, and pito---
during descent as defined on the accompanying graphs; and xnaxdmaro gtzm-
over conditions as defined in the flight path angle and velocity gr. n--s.

NOTE: The free-fall 2v0 maximunm pushover emergency -onditions
are believed to represent the limiting or most severe ýb("Qcape ndi-
that might be expected to occur during veetical takeoff or landing an,
during transition. However, the escape system must be ca azdie of
providing successful escape and recovery, during emergency cor"itmins,
that might be defined as combinations or interpolations between the
free-fall and ma•.murm pushover conditions.

* During inflight emergencies that result in escape at combinalions of ,ll t
dive angles, and airspeeds (up to IMach 0. 9) shown on Fig. 6.

(2) Low-Altitude Dash Vehicle

Escape system capabilit7r requirements for the lew-ai-de dash
vehicle are defined as follows:

" During level flight at all combinations of airspeed and altitude within tfe
flight envelope (as shown in Fig. 1) for the low-altitude aash velicle.

" At ground level from zero speed up to the maximum speed capability of
the vehicle (Mr,,ch 1.2 at sea level).

* During ll phases of conventional takeoff and landing.

* During inflight emergencies that result in escape at combinations of air-
speed, altitude, and dive angles as shown in Fig. 6.

The escape system must be capable of providing safe escape at
the minimum possible altitude during the emergency conditions represented
by the maximum pushover maneuver capability of the vehicle as shown in Fig.
7. Sustained flight at transonic speeds 200 feet above the terrain must be
considered a design criteria.

(3) Combined Capability Vehicle

The escape system capability requirements for the com-bene-
capability vehicle include all the conditions defined for bo•h the VTOL ýmrd ow-
altitude dash vehicles.

b. Survival Equipment

Survival equipment must provie for: svarvat ard rescuu on lnd or
water during environmental e-xtrees, keepi•n survio..rs aoat in v:.tcm
temporary emergency shelter on lard or water, em ergerney ralions and a
means for obtaining food and water, survival clothing and equipmnt- to assist
the surtvivor in keeping as comfortable as possible and in good physica and

7
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mental condition, a means for assisting the Survivor in taking evasive measures
to prevent capture by the enemy, and comrau cation through automatic or
manual, tig•aing or ;tracking devices to facOitate location of survivors during
rescue ~operations.-

n. Emergency Pressurization and Breathing Atmosphere

A survivable press'sre level and breathing atmosphere must be main-
tained by either mechanical backup systems or pressure suit during infilight
emergencies such as ejection, cabin depreasurization, or orygen system failur-.

Emergency pressurization and oxygen must be provided to operate
automatically and be capable of providing a survivable pressure Clvel ane d
breathing oxygen during escape and descent from the maximnvum altitude capability
of the vehicle. Emergency pressurization also must be oirovided to protect
the crewmember in the event of primary pressurization failure whe 'emergency
escape from the aircraft is not mandatory,

A system roust be incorporated to actuate emergency pressr•unizatizon
that is separate and independent of automatic pressure regulation.

d. Restraint

Adequate restra.,int during flight, emergency escape, and crash 1 1ns-:in

must be provided.

The head, limbs, and torso must be supported and restraLned from
any movement which could cause injury datang aircraft launching, normal flight
Invoiving high accelerations, uncontrolled flight, crash landing, and throughout
an emergency escape operation.

Restraint must be adequateI to sustain the combined forces of Ccltn-
tion, tumbling, and windblast that could be expirienced under the most a-verse
escape conditions.

The restraint system must be capable of integrating into a "slhlrt-
sleeve" envirnment and must not appreciably com.pr.ise crew corfort,
efficiency, or effectiveness, and must be manually adiistabie to suit individua, I
requirements. It must be automatic durimr, adverse accele.raton load conditions
and during the escape sequence. Simu1tancu•release of all "estraintS -ust be
accomplished by a single action (manual and automatic', and must provide fo--

ing'---ress to and egress from the seat wih-out ssi-stance and with a minimum
of motions. It must be easy to operate, lightveight, and alIlow freedom of
movemeirnt w.-hen restraint is not reoutrec.

C. Crew Comfort and Efficieocv
t

A omnfortable an2-ý livable sen'ý-.Dr;ro''e-n 2tl b-e zacklu-l c f-orot'
cz 0thfj -- -n -e:1•:cerzeva:c etecotiveness o; urn atrcrew: t127ouz-c-Ut •z acrn,-•--rr •.c

VV "'d' ý vi : nircrew muist bc relieved- Of --S ream -prtnj~ ur-ran
- -~ r~ -rr - tion mu.- + c- escap-e si-strn,



required equipment in an efficient manner with minimum restriction of aircrew
movement drlfig normal flight, It must also provide for adequate cushioning
and energy absorption which will result in maxLmum comfort and support.

f. Crew Compartment Integration

The escape system must lvo designed to be completely integrated and
compatible with the design of the pk', ent aircraft, must not compromise the

aircrew station nor the operator's m'nctin and must not adversely affect
the performance or mission capability of the aircraft.

The integrity of the parent aircraft must not be penalized by the
addition of emergency escape capabilities within the crew compartment.
Escape system space requirements must be minimized to provide for greater
flexibility of displays and controls location and arrangement, and must aliow
for location of controls and instrument consoles that are compatible with arm
reach requirements of 5 to 95 percentile crewmen. The maximum practicable
vision must be provided for crewnmembers.

2. AUTOMATIC DETECTION AND ESCAPE LINTIATION

The primary cause of unsuccessful utilization of escape -t-stems in currnn
aiSrcraft is the failure of the crewmemnber to actulate the escape system in time
for successful recovery prior to ground impact. This will become even more
critical for the hazardous flight conditions of future VTOL and low-altitude
dash vehicles.

Airplane trajectories for maux-imum hard nose-over from low-levl fligiht
are shown in Fig. 8 for a -3g structural limit at Mach 0. 9. 1. 0. and 1. 2, and
an aerodynamic capability limit of -2.38- 9t 300 KCAS ýand -0. Gg at 150 KEAS.
This illustrates limiting conditions from which escape might be required for
a representative low-altitude dash vehicle. The 1. 5-second t-line line reore-
sents the time required for a crewmember to sense the tmergency (i. 10
second), decide t. escape (1. 5 seconds), and actuate the escape system (0.20
second). These times are based on trained personnel, simple stimulus, simple
decision alternatives, and negligible delay attributed to mental duress. Under
actual emergency conditions the human reaction time is expected to be signifi-
cantiv greater. As illustrated, the time recuired for human ihitiatior of the
escape System precludes the possibility of aucees•ls escape for a n-ra-amum
hard nose-over eme, gency pc-awr va yecrbd hiete dash, can"rt
of tranaonic speed at 200 fceet ab•ve te teerrain. For even s•, Ica•¢i,11i ICSS
severe low-altitude da-sh emergencies, it is e:-•.t...i•v un thatly a a
would be capable of aci'uating the escape s... - 'a, •-• t o -, .. e c, m
CS:W... Examination of the escre- c••-ttons " o Uhe % .... a
m nd 5") reveals *hat escape initiaon ti..e fr n rtica :..

meen ics also ermovcritical. o- 0I zrmcacv
2.... "e o the...roundl, hu an re_-action .....d n -r t

'iiwnf succeqssul Cs-C 'A
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A preliminary analysis of a basic automatic escape initiation system -wa
acc.omplished to provide background and insight into the feasibility of such a
system. Figure 9 isa block diagram showing the air vehicle systems required
for data input and the logic diagram for the escape initiation computter. For
this initial inývestigation, the escape variables were limited to vehicle spreed,
altitude, and dive angle. Automatic escape initiation is signalled at thet time
the vehicle flight factors indicate that the vehicle has reached a nonrecoverable
flight condition.

Vehicle systems required for inflight measurements of airspeed and height
abfve terrain are provided in military airplanes by an air data compurter and
radar altimeter. The measurement of dive angle is morc restricted in the
sense that flight instruments, such as the artfflclai.horizon, viaId appro xmate
values for display to the pilot; no provision is made for an output to other systems.
A measurement of dive angle can be provided for use by the other systems only
in airplanes equipped with a stable reference. This measurement is achieved
by an algebraic combination of the pitch angle from the pitch reference and the
true angle of attack from the air data computer.

Functionally, the air data computer requires input data fronm the p'tot-
static system, outside air temperature sensor, and the angle of attack seaset .
The measured air data, static pressure, dynamic pressure, stawnatior. tem-
perature, and indicated angle of attack are used by the computer in solvin;
standard air data equations. This computer is generally an analog mechani-
zktion and, typically, furnishes calculated values of Mach nituber, true air-
speed, indicated airspeed, and air density ratio for display to the pilot or use
by other systems. For the application outlined the indicated airsve ed, tr•ae
an-le of attack, and air density ratio are obtlnable with m•aximm-n crrors of
*6. 5 knots, ±0. 1 degree, and *0. 10, respectively.

The radar altimeter is a special-purpose radar using fixed ajtenras to
provide a measure of the range to the nearest terrain. The simplest. a,0 mn:
accurate radar altimeters are pulse-type radars. The radar altitade i, obtadned
by measuring the time delay between the transmitted pulse and the plse re-
fiected int, the receiving antenna by the terrain below the airplane. A't low
altitude the sccuracy .s a function of the vulsew,- t an altitue, being typically
50£0. 9111 feet, where H is the alti-ude to be Teasqured.

Stable platforms are generally restricted to use in airoln..s u•sing a ccnm-
plex weapon delivery system, stability augmentation or inertial nwarintion
systems. The stable reference is obtained by the use of gyros and a pimbai
system. The gyros maintain a verticvdl reference, and, as the arcrafL pitc:.
or rotlia he to imbalIs make it possible to measure, the ma-ctiude of the ex-
cursion -out the pitch and roll ayes. Thoe- accuracy of measuring the pitch,
2ngýtc Is tv-.cllv to within tue.-e to five miuts .- -c
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Definition of Terms for Automatic Escape mnition Computer:

VT = Vehicle true airspeed.

SV S = Vehicle stall speed (120 knots for study).

NA = Approximation of maximum positive load factor capabiliP.
of vehicle based on aerodynamic lift.

NS =Maximum positive load factor capability of vehicle based on
structural limit (-55g for study).

NM = NA or Ns, whichever is less, selected by computer.

U = Vehicle flight path angle, computed from vehicle pitch angle
and true angle of attack.

ALTR = Minimum altitude above terrain required for vehicle recoverY.

ALTV = Vehicle altitude above terrain.

g = A,:celeration due to gravity.
Figures 10 and 11 show the altitude versus dive angle at which the pre-

scribed automatic system would huitiate esLape for vehicle speeds of Mach 1.2 at
sea level mwd 300 KEAS. Also plotted on the graphs is the predicted alditude
needed for successful recovery of the crew with a cockpit capsule esctple system.
As is apparent from Figure 10, the automatic, system would initiate esccape at
an altitude sufficient for successfl escape for an escape situation occurring
at a speed of Mach 1.2. However, Figure 11 indicates that the prescrAbed1 auto-
matic initiation system would initiate escape at an altitude too iO7 fr SdOCOS sf2
escape at the lower speed of 300 KFES. Therefore, the prescribed system wouil
not be appropriate for the entire speed range considered. Additions! !oalc c•,:
be programed Into the escape initiation sigv"l zo limidt the vehicie spccd ran ge
during which the automatic escape initiation system wouid fknetion. This WOaij
provide automatic escape only during the hazardous low altitude high S-n,!ed dash
flight regime. Evaluations of automatic escape initiation systems wmch wou!d
be appropriate for other flight reýimcs or tyres of emergencies is biem"vond :hlz
scope of this preliminary investigation, However a rwwe de:WicC arya-si of
the need for and benefits of automatic detecti-n and Žscaae Lilticro •s -rc-
sented in Section V.
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SECTION IEI

ESCAPE~ CONCLPT/VIU11CLE CONFIURfATIONS AND CAPABILITIES

This section ca:,acribes escape concepts and vehicle configurations, and'
basic escape concapt capabilities. for VTOL and supersonic dash -vehicles.

I *Three types of vehiclec. were considered: 1.) subsonic VTOL vehicles: 2) super-
sornlc low altitude tilaih vehicles; and 3) comnb-ined capab~ility vehicles having
both VTOL and sup'ersonic dash capability. For this study, low& -altitude dash
capability is defined as the ability of sustained flight at transonic speeds 2'00
feet above the -terrain. Crewv size variations of taro, three, or four crewmenbers
were -considered for 'each vehicle. Escape concepts considered are open ejec-
tion-seats,; enicapsulated ejection seats, cockpit pod capsules, and separable
nose capsules.

Twelve escape concept/vehicle combinations, represent-ative of the range
of possible combinations of vehicles, crew size, and escape concepts, were
selected for detailed study. The selected combinations are:

Vehicle Crew Size Es'cal-e ConcctR

Subsonic VTOL 2-man Open ejection seat (OES)
Subsonic VTOL 2-man Encapsulated ejection seat (FES)
Subsonic VTOL 2-man Cockpit pod capsule (C13C)
Subsonic VTOL 2-man Separable nose capsule (SNC)
Supersonic dash 4-man Open ejection seat
Supersonic dash 4-man Encapsulated ejection- seat
Supersonic dash 4-man Cockpit pod capsule
Supersonic dash 4-man Separable nose cnpsuiie
Combined capability 3-marn Open ejection seat
Cbmblned capability 3-man Encapsulated ejection seat
Combined capability 3- mar. Cockp~it pod capsule
Combined capability 3-man Separable nose capsule

The most effective escape system for each of the twelve representative
escape concept/vehicle combinations was established. These systems are
defined in terms of refinements and/or projections of current systems and
preliminary designs of advanced systems. The most suitarble subsystems for
each application were selected and incorporated into particular desigris. Sub-
system considerations included function.al adequacy, cor~npl exitv, weight, cost,
and developmental status. Preliminary.. designclrawvirtsarepresenled 11 E-bow
rescape equipment instzallation requ~iremenvts and typical creiw compartment
arrangements. System operation and time sequence -.s dftfinei by seitem~qtic
drawings and wrritten descriptions.

A three-degrees-of-freedomi digi~tal com-pnter pro14ra'n. was us3ed to ont;-
mize escape c onfiguration paranmciers :s'uch as !o=st -rOckot or entaprult tnrust,
ti-rust angle, thrust excentricitv,, stabilfz~ation, decelera'lr ion an recoveTr',
parachute sizes, event timizg seqenc.d.) to give man.ximrum escape, cap-,bllit,.
Lh io e-puter program also xas used tý;_Onmputo e ornlavCe o., t>v_ fýin

,£scope systems.Tpr-I L
:~vl ad ntchTheprgram, is capalble off computing~ Iiorizortalt ind vertcol

andi)'chrot-atio for Pscancs ut~iizing iny: of the escane conc opt', con-
1--r(~ne ý_n. !Pregram inputs inclu-1-e: aerod,-n~arnc force and, monoent



characterisics from. wind twnnel tests; boost rocket thrust characteristics;
deployment, filling,: and drag characteribtics of stabilization, deceleration,
• p andahutsery~pataute; tln,% zn system sequence.data; geometry and masf*

~data;. amt aftylane flIgt co~au.,ms at .Initiation of th-ý escape sequence. Pro-
gram outputs are printed as a function of elpsped time, and include aerodyamic
coefficients and forces of the basic escape vehi -Ae and each parachute, filling
times of each parachute, and escape vehicle deceleration, velocity, displacement,
pitch angle, angle of attack, and trajectory relative to the airplane. For this
study, the most pertinent computer outputs were considered to be travel rela-
tive to the ground to establish minimum escape altitudes, and accelerations to
define speed limitations of the different escape concepts. Basic capabilities of
the escape concepts with respect to speed, descent angles, and altitude are
presented in this section. More detailed analyses and evaluation of escape
concept effectiveness for various emergency situations and !light regimes are
presented in Section V.

1. OPEN EJECTION SEAT CONFIGURATiONS

a. Configurations

The open ejection seat system configurated for this study )onsists of
existing subsystems and those being developed. The system described is con-
sidered a feasible configuratiou and the optimrm open ejection seat system
operable within established human tolerance limits.

The system was designed ýo provide safe escape from zero speed to
600 KEAS at ground level and up to 50,000 feet altitude.

Major subsystemr and components of the system are: 1) canopy/batch
jeztizon system; 2) initiation and eject sequence Installation; ' .vcet-cttapult
(5,500 pound average thrust); 4) survival kit; 5) restraint sys; a consisUng
of lap belt, shoulder harness and a ballistic powered inertia ree. 6) directional
automatic realignment of trajectory (DART) system; and 7) droM. gun deployed
5-foot diameter stabilization/deceleration parachute and a 29,7-'-x. diameter
Skysail recovery parachute. The seat also has screw-type electromechanical
actuators for vertical, fore and aft, and tilt adjustments. The maximum hori-
zontal and vertical travel is appvoxImately three and five inches respectively.
and the seat can be tilted through a maximum range of ten degrees.

The system is initiated by operation of the arm rest ejection control or
the D-ring located on the front of the seat bucket. After initiation, the sequence
of operation is completely automatic; however, provisions are made to allow the
seat occupant to manually override the events necessary for recovery. Arhen
the system is initiated the cazopy/hatch Is jettisonea and the crewman is auto-
matically positioned and restrained in the seat. After time dela'vs to nermit
the completion of pre-ejection events and to provide sequenced ejection of the
ccrewmembers. the catapult ignites. As the scat clears the ejection raiis, the
DAR% systcem supplies force to initially stabilize the seat,. At rocket bur-nout,
the dcceiLration/stabilization parachute becomes effective and continues to
sab:i` and decelerate the seat, albwing deployment of the recovery parachute

n..- 7,--uma .....pDsed time.
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The recovery parachute time delay is established by a speed sensor operated by
the airplane pitot-static system when the escape system is initiated. The sys-
.tem event sequence for the high- and low-speed mode of operation for ejections

below 15,000 feet is shown in Figure 12. The high-speed mode timing sequence
is selected by the speed sensor when ejection is initiated at an airspeed of more
than 200 KEAS. If escape is accomplished at high altitude, the man-,seat is
stabilized and descends to 15,000 feet before separation and deployment of the
recovery parachute.

For this study, it was assumed that the airplane escape systen would
incorporate a command-select sequencing system :hat would permit the pilot
or copilot to eject the emire crew at predetermined intervals.

The two-man' subsonic VTOL vehicle cockpit seating arrangement
selected for this study is shown in Fig. 13. The tandem arrangement will
require the aft seat to clear the airplane 0.5 second before ejecting the forward
seat. •iThis time-delay will be sufficient to avoid possible injury, due to
rocket-catapult effects, to the aft seat occupant, and will prevent collision
and possible parachute entanglement. The above sequence will occur only if
escape is initiated by the forward seat occupant. If escape is initiated by the
aft seat control, the forward seat may or may not be ejected depending on the
positiou of the corimand sequence control, which is located in the fbrwavrd
cockpit. The minimum elapsed time from escape initiadion until both crewm-:L
clear the airplane is 1.06 seconds.

The three-man combixed capability vehicle seating arrangement is
shown in Fig. 14. The escape -'-:tem and command sequence for ejection is
similar to the two-man airplane. When the escape system is initiated at the
pilot's position, the aft seat is ejected, followed at 0.5 second intervals by
the copilot and pilot seats. The minimum elapsed time for the entire Lrew to
clear the airplane is 1.56 seconds after system initiation, by the pilot.

The seating arrangement for the four,-man supersonic dash vehicle
is shown in Fig. 15. In this crew arranp;ement, escape initiation by the pilot
or copilot will automatically eject the enmire crew; however, either aft seat
can be ._;jected individually and the pilot can elect to reniain with the airplane.
The systems function as described above and differ only in the command
ejection control. When the escape system is initiated by the pilot, the
time -equired for the entire carew to clear the airplane is 2.06 seconds. The
order ef ejection is the seat aft of the copilot, the seat aft of the pilot, and
the seats of copilot and pilot. By allowing the ejection of the two aft seats
before either forward seat, injury due to rocket-catapult blast (pressure
and f•re) is climinated.

b. Pe-iformance

The dynamic performance of the open ejection seats was analyzed
for each vehicle for speeds from zero to 600 KEAS. The calculated trajectories
shown in Figures 16, 17 and 18 for the tvw -, three- and four-man vehicles

i-;dicates that after ground level ejection, -iuring level.flight at speeds from
mŽ>'o to 600 KEAS, all crewrnembers would be recovered well above the

The trajectories sho-wn are for "h- last man to be e4ected in the
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domnhý.nd sequenice, modes as defined In the preceding prgah adIcuk
the tmspelt in the, aircraft prior to selt, I Igige eatcmorp-

separatioU1funcUtuoS -and ejOICton sequenice time delays. Esampe, seqUence
Initlition oiccurs at the. origin of the graphs and the6 time lapse froa initiatlon
unitiltihe last; man clears the'aircratt is 1 * 06 1seconds` for thei tWd-mn vehicle,
1. 56 seconds for the three-man vehicle, and 2.*06 sAeconds for the four-=mn
vehicle.

Figures 19 through 24 show the opemn ejection seat trajectories for
escape during diving flight at 200 and 600 KEAS for each vehicle. These data
are also for the last man toi be ejected In the conmmand secjyence end include
pre-separation functions awl~ sequence time delays.

Figures 25, 26, and 27 show, for each vehicle, the altituds at which
the escape sequence must be intiated for successful recovery of the entire
crew versus airplane dive angle for various airspeeds.

A computer plot of the horizontal and vertical accelerations Imposed
on th 'e crewman during escape at an airspeed of 600 KEAS at 15, 000 feet is
shown In Fig. 28. The parachute system deployment time sfqucnoo and para-
chute sizes were established to provide a maximum deceleration of, 30g on thtý
crewman during ejections occurring up to'G600 KEA&. For 600 K1EAS ejec-
tions at lower altitudes, the timing sequence results in a more rapid velocity
de~cay and in lower deceleration loads wheen the recovery parachute deploys.
See Fig. 29. The maximum poak g experienced during escapes from zero to
600 KEAS is shown in Fig. 30. Duie to the low-speed event time sequence, the
deceleration loads imposed'~during a'200 KEAS ejection approach the generally
accepted human tolerance Hiinits.

c. Weight Penalty

Table I shows the weight breakdown for the open ejection seat escape
concept. Weight penalties shown for the two-, three-, and four-man vehicles
includs the ejection seat in,3tallations, plus escape hatches, less the weight
of basic nonejection seats.
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0 100 •200 300 400 500 600

Figww EQUIVALENT AIRSPEED (KNOTS)
iFigre 30. Open Ejecfion Soat - Peok

Table! . Open Ejectin So:t Weight breakdown

elh'Pounds)
- InstalledEit~bIe -

3Basic seat structure 40.0 40.0

Rocket-cataputt 28.0 21.0
Furvial kit and eqdiprnent -C. 0 40.0

t Ballistic inertia, reel 4, 0 4.0A

Drogue gun zpsembly 2.A 2.0
SwbilI.ativn/deceteratlcn parachute 5.0 .
Back hcadr'. a t •nbly 1S.( 18.Me
Skysall parn.ihutz, and dcogue gun 26.0
Seat adjwtAmntwt aetustors 12, b p. 0
. jection gvIde iaii .I a, fittings S. 0 ...
EmerjrenT, omj•gen 6.0 6.0
Speed iov.oor 1.0--

Totdl Peat Weght 191.0 174.0

ro•mape Latch 50.0
241.0

Less Weight of NoneJectiton Seat -45.0
Wetiht Penalty Per Seat 196.0

.Total Weight Penalty
2 -man vehicle 392.0
3-m an vehic'e 588.0
4-mit veblcie 784.0
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2. ENCAPSOIATED EYECTION SEAT CONFIGUrIATIONS

a. Configurations

The encapsulated ejection seat configurated and analyzed during this
study corsists of subsystems used !i past dcvelcpment programs and those
,.urrentl' in use. The system, as described, is considered the #ptimum en-
capsulated ejection seat system, and will have capabilties exceeding those of
cirrent systems.

The system was des~gshed to provide safe escape from zero to 800KEAS from ground level up to 42,000 feet, and to Mach 3.0 from 42,000 to

100,000 feet.

'Mrajor Subsystems and components of the system are: 1) canopy!
hatch jettison system; 2) initiation and ejection sequence installation; 3) re-
straint system consisting of a lap belt, leg retraction thruster, shoulder
harness and powered inertia reel; 4) survival equipment; 5) rocKet-catapult
(12,000 pound average thrust), 6) drogue gun deployment of 5-foot diameter
stabilization/deceleration parachute; 7) drogue gun deployed 36-foot diameter
Skysail recovery pay acbute; 8) stabilization booms and chutes; 9) pressuri-
zation system; 10) lan&ng impact system; and 11) flotation system. The
..seat also is provided witl electromechanical actuators for vertical adjust-
ment through five inches. Actuators also are used to position the seat-man, forward of the capsule shell (ia one capsule version) during flight which may

be dcsirable for some airplane crew arrangements. However, the dnamic
performance and safe escape t _pabllty for each encapsulated seat design are
identical.

Operation of either handgrip located on the seat arm repts retracts
the crewman's legs (seat-mar. if required), closes the clam shell doors, and
pressurizes the capsule. Frum thin position, the pilot, can monitor the instru-
"ment pane.. anl controi the airplane or initiate ejection by squeezing the
trigger in either handgrip. When the ejection system is initiated, the canopy/
hatch is jetti oned and the crewman,!s ositicned and restrained in the sept.
Just before c psule separation from the rails, the 6tabilizatlon/deceleratton
parachute is eployed (reefed) and the catapult rocket motor is i.nited.
Immediately *ter separation, the stnt4lization booms are extended to
stabilize the capsule. At rocket burnout, the stabilization/deceleration para-
Schu:e Is disrfNd and continues to stabilize and decelerate the capsule to
allow deployment ;-f the recovery parachute within the minimum elapsed time.
The recovery 'parachute deployment tirme delay Is established by a speed
sensor operated by the airplane pitot-static system when the escape system
is.initiated. The system event sequence operates a low-speed (below 300KEAS) or a high-speed (above 301) KEAS) mode, as shown-in Fig. 31, for

ejections below 15,000 feet. If escape occurr at high altitude, the capsule
is stabilized and descends to 15,000 feet before deployment of the main
recovery parachute.
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The escape syjstem Incorporates a command-select sequencing systera
that permits the pilot cr copilot to eject the entire crew at pr~determnined
inte•vals. The follovwing events require 2.65 seconds after system initiation:..
1) retract legs and/or seat-man; 2) close doors; 3) pressurize capsule;
1) jettison canopy/hatch; 5) position and restrain crewmau; and 6) propel
capsule up the rails. In multiplace airplanes, pre-ejection events are con-
current, and time delays are provided for ejection of the crewmembers in a
pre-determined sequence. This will permit all crewmembers to clear the
airplane within the minimum elapsed time.

In Fgs.The two-man subsomc airplane tandem seating arrangement is shown
in Figs. 32 and 33. The capsule in Fig. 33 positions the seat forward of the

: " capsule shell dering normal flight and retracts the seat-man when the escape
system is initiated. If escape Is initiated by the forward 4peat. conti_'ol, the
aft a-ea eiect3 0. ,5 second prior to the fo.ward seat to avoid collision and
pcst-ibie tpi~rchaue ectan~lement. The forward seat occupant has the option
of baing electedi if escape is initiated by the aft seat control, or to remain
wi*h Vhe arplane depenrdins. or t• position of the command sequence control.
The minimt-m elapsed time ~rorn escape initiation until both crewmiea olear
t1 K- _lrp e will be 2.15 seconds.

The three -man combined capability vehicle crew arrangement is shown
in Fig. 34. The escape systera and command sequence for ejection will be slmilt•
to the two-man vehicle. When es-ape is Initiated by the pilot, the order of
ejection is the aft seat followed at 0. 5 second intervals by the copilot and pilot
"seats. The minimum elapsed time from escape initiation until the entire crew
clears the airplane U. 2. 65 seconds.

The crew arrangement for the four-man superaonic dash vehicle is
shown in Fig. *35. In this crew arrangement, escape initiation by either of
the forward seats autmatically ejocts the entire crew. Powever, either aft
"seat can eject Individually and the pilot can elect to remain with the airplane.
The systems function as described above and differ only in the command ejec-
tion control. The time required to eject !he entire crew after escape initiation
is 3.15 seconds. The order of ejection is the seat aft of the copilot, the seat
aft of the pilot, the copilot and pilot &eats. By allowing the aft capsules to
be ejected prior to the forward capsules the possibility of collision and para-
chute entanglement Is reduced without increasing the minimum ehapred timerequired.

:b. Performance

The. dynamic performance of the encapsulated ejection sea a w"d
analyzed on tne computer for speeets from zero to 800 K1EAS. Figures 36,
37, and 38 Ahow the level nlight ejection trajectories and indicate that for level
flight ground level ejections throughout the speed range considered for each t,
vehicle, the :,2paule will be recovered well above the ground. The trajectories
shown for oi ch -rohicle are for the last man to be ejected hi the command
sequence and include the time spent in the aircraft prior to seat/airplane
osparatlon for pre-separatlon functions and ejection sequence time delays.
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EsckA~ sequence is nintia-ted at the origi o~f the g-raphs snd theý thnxe laps-:e trtvn
initiation umtil the last inana7 rý,ars the -Jv'• ,L - 2J 5 steoqnds f~r the two-uanu
vehlcla, 2.65 seconds for the thretb-nmr•,n ,ecie, 15:i', in conds for the
four-man vehicle.

Ftglires 59 ond ,0 show capsule trajectories for escape during diving
. flight at 200 and 600 KEAS for the twa-mrin vehicle. Figures 41 and 42 show the

dkve trajectories ft 200 aud 800 knots for the three-man vehicle and Figs. 43
and 44 show the e.ve trajecories at 200 and 800 knots for the four-man vehicle.
These data are also for the last man to be ejected in the command sequent,
and include the time required for pre-separation functions and ejection -strinc
time delays.

Figures 45, 46, and 47 show, foi each vehicle, the altitude at which
escape must be initiated for successful recovery of the entire crew versus
airplane dive ragle for various airspeeds.

A cp~mp plot of the horizontal and vertical accelerations that winl
be Imposed tm -rewman during escape at a speed of 1100 KEAS at 15,000
feet are shvRA ;bi' iig. 48. Figure 49 shows the total deceleration load ex-
perieticed by tre crewman during escape at 800 I1EAS ae. a lower altitude.
Due to the more rapid velocity decay caused.by the deceleration parachute
prior to recovery parachute deployment at lower altitudes, the deceleration
loads are le8s than those at 15, 00& feet. The mwe'" ,im pe',k g calculated for
escapes from zero to 800 KEAS for both the lhgb• id low-speed event sequence
modes are shcwn .n Fig. 50. The rocket flotor ,i-.celeration parachute and
the event time sequence were de,31gned to keep the acAIera'ion loads on the
crewman within the acespted human tolerance lwi'q d•'•ing ejections from

c. Weight Penalty

Table II shows thok wk-ght breakdowA ror i i .- a, ka d ejection
seat. Weight penaltieos tor the twti-wor, ai":' i•ur-man
vehicles Inclul1e weiglit-s l ul tinot1nti~hkIi PaT-r ~~~w less
weight of non-eject ic•l seats,
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TOWe It. En,*-upsuiaf~d S*Ot Weiis B,.@kdowrr

Ejectble (Po=rndo) NOn~eje4tAsdle (P-ounds)

Capsule cn-Nieture 200.0

Seat Inclu~ng restraint
Isystem 0

t ~~Seat actuators 2.

Rocket-natapult 3.
Survival gear' 45.0
Oxygelk system 27.*0
Stab~lzatilon booms and
chutes '80.0

* Stafrilizatlon/deceleriation
parachute 20.0

*Recovery par&.chute system 45.0

Imlpact bag and gaa generator 15.0
Flotation system 10.0
Speed sensor 1.0
Catapult outer! tube 15.0
Ejection rails and fittings,.4.

Ejectable 558.0
SNonejectable 56.0

Total Seat Weight 614.0
Escape Halach Weight 50.0

Less Weight of Nonejection
seat -45.0

Weigbt Penalty Per Seat 819.0
Total Weight Penalty

2-man vehicle 1238.0
3-man vehicle 1857,01
4-nm wvhicle 2476.0 _________
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3. COCKPIT POD CAPSULE CO)M~~lh~ v~ce
. : " a. (Ionfiguratitons . .... .

SThis section describes prelib.ary design owLflgurations of cockit pod
capsule escape rystems for the two-marn eubsomic VTOL vehicle, four-man
supersonic dsh lvehicle, and the three.eman combined capabity vehicle. The
escape systems were designed to provide safe escape at zero-speed, zero-
altitude and th-roughout the performancov envelopes.

The cockpit pod capsule (CPC) concepts for the two-, three-, and four-
man configurations are shown in Figs. 51, 52 and 53. The hea-vy solid lines in
both the plan and side views trace the outline of the CPC after separation. Th.e
drawings also show the location and approximate sizes of the sulbsystems re-
quired for escape.

Upon escape initiation, the crew compartment is separated from the
rest of the airplane by linear shaped charges. Two otabil ation parachute booms
are extended and a stabilization parachute is deployed from each. The escape
boost rocket then propels 'ihe capsule up and away from the rest of the airplane.

As soon as the capsule has decelerated to a dynaMic pressure cortes-
ponding to safe structurai loads of the parachutes, they are deployed. The time
required for capsule deceleration is a function of the dynamic pressure at the
time .of escape Initiation. To provide optimum escape performance at low and
high speeds, a two-mode timing sequence is employed. At speeds above 350
KEAS, the high-speed mode is used; below 350 KEAS the low-speed mode is used.
The esca.pe timing sequences for both modes are shown in Figs. 54, 55 and 56.

Table IN lists capsule design data with escape subsystem sizes and
weights. Subsystems related to escape activity are described in more detail in
Section I. 5.

,b. Performance

Capsule recovery alt" Wde - that is, the aircraft altitude iequired for
the main parachute to fully open - is a function of timing sequence, stabilizationof capsule in a posit!v • attitude, rocket thutbutneroktoze
angle, and location of th:xrust line below the capsule center of gravity.

Do-ring level flight at ground level, all three cockpit pod capsules were
computed to fully recover at any velocity within their speed range This is
shown in Figs. 57, 58 and 59. Figures 60 thr:ough 65 show capsule escape tra-

overall capsule performance with respect to the minimum altitude i'equired for
jeoiest at boC Sthp2i 20 KE!AS endw max•muem arln spd duin diin flt

successful escape for various velocliies and dive angles is shown in Figs. 66, 67
and 68. These plots include a time delay of 0.2 second from escape Initiation to
capsule separation. The notations of the high-cipeed and low-speedmodes refer
to the two-mode timing sequence shown in Figs. 54, 55 and 56. Figures 69, 70[
and 71 show the maxhmum peak capsule accelerations experlenced during escape
-...versus euvalen irspeed at the time of escape initiation. Accelerations versus
time for the maximum speed onditions at 15,000 feet in the X and Y directions

~~7 ..... .. ..: .
•:•& :• : :.::• :'.. , .. ,:i~• .: % :•'•/ ,',• , •.•'.. / : -Ji: .: , .i :::, .,.. . . .. . _ •... .. . . . . :. .2> -,• ::.• i-6 1i •; ";



P.re fbhown o:2 corxdpute-& plots 1I*. F'' 72,'I'S P, I 74, Flgwea' 75' W0 and (77&o
tiio resAU4tnt g for.'the 6AII10!~

All datai ehown Include~ a 0 lar Une dclay frra eaozapje wt~iauou
tov tAple akpsradon', , N t!in 6 isIn o I ud, c d tv &1on11w, ýdaofslva mchb'g, or
.control actuationl raqu~rad by ths- ciwN

Vehicle

C~iueTwo Mhn Three. Mfan Four Man

WVeight (total eje~3table) Lb 3,600.0 6,500.0 9,00
ILength, overall Ft 14.0 160 21.6
Ref . area t2 22,0 40060[
Pitch !nertia Lb- v-Ft 2, 000. 0 4,00010 C1120.0.

53eParation Systerm

Wei&h of FMCS (flexible
linea.r shaped charge) Lb 26.0 261.0 2.

ýWeight of Wntiating system
plus Function.F.~ttings Lb 12.6 12.6 12.6

Boost R~ocket

Thrust Lb 43,700.0 110,000.0~ 171,000.0
Burntime S 0. 6 0.6 0.6
Volume In0  ,O0.0 12,200.0 19,500.0
Nozzle angle Deg, 34.2 23.6 20.9
Weight Lb ,180.0 460.01 720. G
Thrust/COG Mlsalignmezit Ft -. 10 1.0

Nof tubes 3031 4
Boo'mlength storreI 1% 3.8 4.550
Boor, length extemied Ft i 0232.0 13. 0
Storage tube OD In14.9 17.4
We~ght (total) Lb 1,000.0 1,500.0 11800.0

(not including weight r~f br idle
and parachute)

Stabi1izattm i Yand~s ( e eic&

Reefed diamete"r Ft6.5 .
Flat diarieter Ft 10.0 11.0 -12.t6
Stowed v61(total) In i 310-.00.0 600.
Weight ýi0ta1 L 0 70.0 110A0

62
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VehRicle

4 R~~~~ecovery ParachutesTwM'njTre a f2 rMa

No. of parachutes 1. ~ 03.9
Reefed diameter Ft1. 3311.9
Flat diameter 17.0 69 69.0
Stowed vol (total) In3, .8*0,0 1,0n 0 029.06
Weighit (total) Lb 110.0 210,0 290.0

h~pact AttenuationOystein

Bag weight Lb '32.0 40 57. 0
In~flated Vol FtO 60.0 .123.0 167. 0
Stowed vol I 3 2,700.0 3,700, 0 4,600.0
Dressure bottlevo n 650.0 1, 15f) o 1,600.0
Inflation assy weight Lb 26.0 390 51.0

Flotation:f Svrstemn

13ag dia spherical, (4 ea) Ft.Rl 3.? 4. 1
Bag wt (total) 1 1. 34.0 46.0
lrilation bottle vol In 650.0 1,4a0.) 1,880.0
Bottle, gas & valve wt .Lb 22.2 - 1051. 5 . .

Sell righting bag (I e0l. . .1
(Same dia as flot bag) .438 11,

inflation-bottle. Vol I0 0"0o 60.0 1 470.0
Bottle, ga'sard valve wt Lb .7.2 1f2 .5 1.

Separation system 38.6 118.0 38.6

Nose ralorge thrusters ,0,0 0.0 13.0
Boost rocket 1.0 4ciO. f 720.0
SWaAlizatior booms 1,&00 1~ 7 0. .8 0 ". t
Sitabilization paracThutes 4, 70 0.j C10,0

Recov-.Li,210. 29.1
Impact at±frnuation systen 1>. 0 V. 8. 0.
F;OtaTlon system '60.7 96.0 124.5
Riocket support structure 30.0 . 78.0 120.0
Stabilization boom attachment 61,0 02 110.0
Recovery parachute attachment. 20,0 30.0 40.0
Survival equipment ,. .100 150,0 00,0t

TOTAL, (Penalty) .1,589.3 2,808.13 ý -1ý7-4.1

I:
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b). Performan:&ca'. e

The dynmi oaracteristics of t e seperahice nose capaules axe the

As for the cockpit pod capsulles, f1-- separable, nos-e cgsputdes were
computfed to fully ret-ovor dining level fli~ght at ground level from.' zero velocity
to the mar.1nwau speed caqpability zt tlie vehiceles, Lovrel Mliht trajectonipesar
shown in Flgs.ý PA, W5and 86. lngi~r-) 87 thrvoug-h 092 show.v eocaype trajecte~rleo
during divin-g flight at ?,00 KEAS cul at ratxinuu speedŽz MVInhlniun~ eszm~pe

aiiude curves aie shdwn on Figs. 93, 94 and 95. Maxiu etaceeain
experienced during escape versus equivalent aihspefad are sonIn Figs. 96,
97 and 98. Computer plots (Figs. 99, 100 and 101) sho-w vertical and transverse
acceleration. comvponent-i during escape at the critical conditions of n'axinum
speed at 15,000 feet, Resultant g fo the same conditions are shown in Figs.

102,4103 and 104,
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Tw Mn Man -FuIva

Veght (total ejectuble) '4, 80. 9,0. 26I
Length overall Ft24.0 30,0 57
Ref. area F 24,0, 40.0 :
Pitch inertia Lb -- S&c c 2 - R 2,700.0 12,OQ000 4 0

Weight of FUSC Lb -.2.0 12J 12.
We11t. Of iPIl aigsse
plus plnct~ion fittimgs Ib 5.5 5.5 5.51

Boost Rockct

Thrust 1b5,60;84, 00j. 245, 00,0I
0.6 0,0 00.6

020.

WeIghlt U1,020.0VThrust/CG 25agnet0.0 J 0.

Stallihization 13eams

oolegth, sto~re'I Ft 40 5.0 5.4
B~oom lenr,,h, extended RL 11.0 13.0 16.2
S~torage tub--ODI 16.0 19.7 2.

Weigh (otd 1-be 1,200.0 1,800.0 3,900.0
(not iel uding bridk6an
P-arachute ivelgM)

.6.

Reefe diamete 13...... 17,51
Stwe vl to)'3,000.0 63,000.0 11,000.0

Weght (total) Lb0.10. 10. 200.01



Re fe *..1fc I )"

Stowd 59.8v 690Vq

V~o ol 01 I a (Ic 501) 0n i~o 22,0.0 ".
Weight (totft1) 3915 iro

"11a wep'igt Lb
Tnt fltedI Vol 74,0Q[~ ~ ~~~~'o Ibsdo 1na ,0, .,0. 5)0

311. 6110 G.O 80k

B 1ag din eprical1, (41 eah F .3 4.04.

Bgweigh etlit 2504I054Inflation bottle Vol 25. 1.0 40. 50.0Bottle,kgsnand vaiveiA w th 29.7 51.5 68.2
S&If rightrig, ba~g, (1, each)
(SaMe dia as flat bag)
Bar, welght Lb 0. 1513.5fr-lauioi bottle vol f,3240.0 470.0 620.0
BokttleC, gas an di valv e- 'wI ! I .. I1. 15. 18.9.

I'Sep~ar.,Lt-In system 17.5 1.57.'
Bo~ okt250.0 760.0 1,020. 0Stbilizatiol '>ooms I.0. 3.it1i~t npara~chutes20.
Recvey50,0cu" 29',( 393. 0"Ip"t ttenuat lon s''ystemn 61.0 108) 142.0

71.2 124. 5.Roktspotstruct'ur 40.0 124.0 1 I . 0
Stabllization boom, attachmnent .73.0 10.0t 230Recovery parachute attachment 21.0 40050
Survival equipm-ent 1000 ,5. 0GTOTAL('Penaltv) 2,C41.7 3,634.0 6,483. 1
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5.CAPSUIX SU13SYSrL'M

Subsystein dcscriptionis contained In this stir egne allya-p)lfable
to cachi &fte representative CP'C and SNTC e5,scqpe conc-blts f r the t'v- thee6'
and foar-~man'vehicles. '11iS ifrnto togeflher wich the di. 'APL data. of the
preceding sections, complete9 the cicfinidwioŽs of the, eapside subsystems.

a. Separation System

Separation is accomiuilshed with flexible linear5 Fhaped ch'arges (K.1C)I
lr9t~alled at heseparation Ed.plane )fl skin,' structure, and aroind tubing and wvires,
The respective separation piancos are showin on each capsule dravwing. The
FLSC weight shown hicludesi wcIght allowance for &hargf. %o*kler. but no weight
is added for cover plates that rnight be requ~ired in sonic Wrta..nilat.,bn or.
curs sin ultaneou~sly wth boost rocket filring.'Tospr~ ~Asv iiitr
mounted at -die hoosL. ro,,ket Initiator aceoinulish this, IThe- cxiol- mulus
is transferred. through a metal- clad mild, detonating,, fus, MD).Exloil-ie june
tiop or transfer fittings, machined from, alumi-num ore' irstayliod at 1h janetlon
of the MDF and FLSC. 'System reliability is imtnroved by providig explosive
connecton atbtnds of each scgme nt of the FI;SC. Thivhle: VJ1 a ern.,M is
sealed in order to fuinction. under water, I

b. 33%ost RocketF. ~ Thc~capsule boost rocket is a solidl propeliant roc ket with a fixed nozzle
Z , ~ angle. Th11 rocket case consists ol wvelded steel with a wound tiberglass o Uter

wrap. Threadk~d attachraonts will be used for the end cap and the nozzle assem-
blies. The rocket is mounted on' the capsule'structur'e'so that the thrust 1line
pr.sses slightlyý underneath the capsule center of gravity. This thru~t ecce'n-,,
tric1tr is calculated to provide the capsule with'a posiltive lift attitude. Esti-
niatzd rocket burntimec is 0.6 second for all capsules.

e.. Stabilization Booms

*The ballistically deployed telescoping bowms corlsist of three alumilnum
tabes each.: Fist ribbon, stabilization/deceleration parachutes nare'stored in and
released fro the booms. The booms and the stabilization chutes are deployed
at separation of the capul fo tharcaft.

*Aircraft separable nose and cockpit pod escape capsules are basicallyI
aerodynamically unstable bodies. To stabilize. the capsules, large pa-rachlute
forces are required. These forný directly affect stabitization, parachute size
and boom cize.

Alternate stabilization systems such as canard, or even, a reaction*
control system., might afford some weight savings. This (lepolids on capsule

* cniguration and the stabilizing forces required. However, any stabilizatio
~~ system impos-S, a respectlable w~ eight pedalty for large capsules.

1 07..



The , tti'watý! elerat! on parachu~e, ur -. ho gUe gwi dep'oyed in atcir~ioivde~~~kihaV
re2dcondto at.e tme kecape rocket irA~t .4 At th e time of rocket,

%lin opsuei drea--s t, a,)!t ,Phre hedynamic pressure
* is ~ paf, the decelerationi ch',ites arc jeftlý;onbd a._id the main recoeyJaaFchutes are gum ý-deployod and. opened to a rec'ted condition. The rype of parachute

chotsen for thi:ý,Vurpose Is thro Ding Sail canopy. T~is parachute is'slzeC. to pro-.
* vide th-c" o1 ;.suke with a descent velocity of 3 0 fps.f

e. Imiy4ct Attiretiuf 1! a System

* The impact atteruatton system Is activated at the time the recovery
parachute- is filled,' it coansists of an IDnflating system and'impact bags. The
eilemeuts niadng up the lnllattnhg s-ystem are a,300 psI bto of itrogen, a

* qub alepressure gauge, regulztor,ý a21d distributio les . Gas quantity
* available is' sifficient to inflate the bagy to a ressu, et.f 2 to psi..

The bag has a shurt cylindricPl ehape and is made of neoýTene coated
nylo~a. it if. provided with blowout plugs and orifices. The plugs blow out when
th~- compression of the bag reacbes an equivalent of 10g1r deceleration. :Orifices
týhen limit the maxlniumi deceleration to approxirnatefy 25g., Tine impact- bag Is
either compartmentized or rigiddized inter.naly to p'eimit Impact angles up to 15

degrees. Deceleration stroke of the bag Is ke.-pt to the lowest distance practicable.

A. hap:o bags and ne6l-ihngb.'All bags are approximately sp herical InSaeand are made of r ber covered nylon or dacron. Two separt nato
systems, one supplying the flotation Lage and The other the self-rigbtlng, bag, are

isalled. The flotation bag Inflation srstemconit foe330 oteo
nitrogen provided with kedundant squl valves and a regulator. Four c'heckl and

N ~~pressure relief valves and metering orifices, one at each floiat!.on haaealso
included. A separaite system coasi :taug of a pressure bottle and.a regtda-o valve
h iflates the self-righting ba-. Actua~ion of the flotation system is sequen:ds .

that the self~rigliting bag Is in~flated h'.4~.

g.ý Nose Thruster (Four-Mvan Cockp ý Pod Capsule)

Lnh fhe cockpit pod concept for the twntre-man vehicles, th e pod
-containing f~ie crew .a~ lifted out of the fus&clag .in the four-Man vehicle, how-.
e~ver, thz_-es~k-PIt pod is severed the Samre Wa,~ the separable nose cipsujc,:with a rear prtInag Plane, completely airough ithe 'Iage Thill ki odcp
sB'l is then madpce by dropping the nose rado, efnýýi there t of the capJsule.

* The nose thrusters push-_ tue ,airplane rad&±downad.wyfo h
res o te cpsleimmeiatl afer It has been separated from the capsule. The,

4 ~system consists of two balh~latic, actuafted thrusters Weighting abouat G. 5pounds each'.
aly 0 ..
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~orThi Eectondescrlbesn teists roquvLie to vi--'iry ecw:-ape ryslern, performanG`
frthe twelve rrtile (LOp0 (Iel/eich rtos The test

programs described Include wid Unine Liiodel lests, sulx~yvterl tests aOnd in-
tegrated sy stemn developmient and qull.ýif mt~on teato, tht Ie l woi e.
accomplishv-d by the airframe prime Contr actor. In addition., -estimated test
program -scheduling reqtdrerfierits and budgetary cost data a~re presented for
L~sic subsystems'development that noninally would be'daccinolshed by comn-
1;ales specializing in theý speCiCfic subskstem technologies.

1. DEVELOPMENT AND QUAIAFICATIO N T ESTS

Estimated test schedIule r~equirement fo ee -nenzal and qualification
*programs for open ejection seats, encapsula~ted ejection seats,'and cockpit

end nose capsule systerns a~re sbow'n In Figs. 109,1,11.0, and Ill, respectively.
The test itemn numbers refer to test reonrem IentIs Ide'soribe-d in Tables .V a .nd IV1,
The open and en ltedejecotion seaitý were vo~n~sidred to be eupplier-devel-

,,oped Items and the detail test raxenrt e;ibdherelininclude onl thoseý
tes ts required to verify systemp performanee prove iseat/vehicle c~impxtibility,
and qualifýr the integrated system.I Howev er, the cedln reqtdrements for,
seat developtnent are included in the phasing chart.

2.% WIND TUNNEL PROGRAMS

Wind tunnel test program s were developed for the -twelve escape ckmcept/
vehicle combinations to determine the overall RDT&E requiremenits and costs
'for each cmbinationl, end to support thiedesign, tiest, and- qualifcation-of these
Systems.: However, due to the similarity in the test> requirements for. some
configurations the programis were groupe'das slhownr in the follo-wing test Plans.

a. Two -Man Subsonic VTOL Vehicle Open Ejection Seats and
Encapsu~ated EjnctionlSeats

Equipment

f * Transonic wind tunnel.f* One partial aircraft model (nose to trailing- edgec of tie wings, w ings
incude). , 'ode v~l hvetwo operableý hatchecs anrd capability to eject

seats from either or both crew stations.

*Onie'force mo-del of ejection seat/encapsullated seat.

* Fifteen ejectable seat models and hatches.

a 'Three config-urations of seat stabilizing- devices attachable tLOboth force
and ejection models. 'Eigbteen sets of stabilizing-de-,4ce5

114



OPEN EJECTION SEA T
U)EVELOPME~r AND ýýQUALIFICATION 'PHASitG CHARTi,

TEST ITEM MONTHS
_ _ _ _ _ _ _ _12

STATIC TESTS QI______

CANOPY REMOVAL Q-4 i______
GROUND EJECTION Q-. ______

FLIGHT TESTS
_____________~ __ RIO__

Q REFERS TO QUALI FICATION TE1-STS TABLE VI
Figurev 109. Open Ejection Seat Test Requirerdentr

ENCAPSULATED EJECTION SEAT
DEVELOPMENT AND QUALIFICATION PHASNG CHART

TEST ITEM 12MONTHS
A _ __ __ ___12__ 24: 35 _ __ _ _

WIND TUUNEI.

DEVELOPMENT T ESTS_______
DECELERATOR CHUTE 04B I ~ _____ _____

RECOVERY t-UTE *- ______

STATIC TESTS Q- I ____ 7__________ -

ENVIRONMENTAL Q-2 ______ ~ 7L .______
PREOPERATION.AL Q 3., _____ __________

CANOPY REMOVAL, Q-.4

* LDTSSQ6GROUND EJECTION' ý1, Q-5 L____ ____

e FLED TTESTS. Q-6 ___a ___

Q REFERS TO QUALIFICATION TEST$ TABLE VI

Figure 110, _Encapsulated Ejection seat Tes f Requiti-emen I s



CO0CK P a P OD AN D S EPA RABLE N OSE CAPV1. E
DEVELOPMENT AND QI'ALIFICATION PHASIN'G CVRT

TEST _LEM] MONTHS
__12__24

WIND TUNNEL f --

SSUPPLIER COMIPNNEN T
DEVELOPKAENT- _ ____

RESTRAINT SYSTEM D-1

EMERGENCY,0-

SEV ERANC E SYSTEM D-

IMPACT AND FLOTATION 041
SYSTEMS ______________ _______

SLED TESTS -

DECELERATOR CHUTE Q-4 ______

R~ECOVERY CHUTE Q9

-STATIC TESTS Q-i 10 ____

ENVIRONMENTAL Q1

SURFACE IMPA; CT Q-12

FLIGHT TESTS Q~ ___ ____

SLED TESTS ~ 1

b REFERS 170 DEVELOPMENT TESTS TABLE V

OREFERS TOQUALIFICATION TESTS TABLE'VI

FL,,re I711. Cockpit Pod wnd Separnble K5'e Crpsu Test Require, entI



J' TFM TEST '1'YE MAJOI EQUIPMEriNT TEST CONi

D) 1 Restraint Systemns Mechanical lab spade. -Cockpit: Apply loads to cr
floor, op'erable se'ats, and seat system.
attachment structure.

D-2 Emergency Pressurization Mechanical lab space, No&,, sectio)n PressurI-ze 20 tim
System mockup inoorporating cockpit 14everance simtuwlak

capsule/separable nose areas.
Functionl~ng scals a nsoc tat ed wit!l
severance, operation.

D-3 eerce MfllIa a paceý Modcup of ()100 severance
capsýule with -Lctual aircroft' mal testnt

stucur cntguusto the sfepar- (2). 10 severn e i
stio plne.the Complete sA

1010 test items for severance tests, pae
structural samples, Cable runs;,

- ducts, and wire bundles.
Spare, p~arts to support full-scale
separation firings.

D-4 Impact &Flotation Systems Mechanical lab space,.. 13oierplat._, onuct 1i2 drop te
cpsule With actual Impact systemn, s1uesprben

crushAble structure, energy absor- ladsule/separale no6
brei, Or impact bags,ý Flotationladsrce n

Wqit~t eight of drop b)odies Imipacts will occur.
to uepcontrold Capsule orientatio

to becontrlled.the flight path artdWater drop bfcl~lty. condtion of erosj

D5 Funct',onal Tests Mlechan'tcal lab. space. BreadboirdCouc20ts o
set-up of escape sy'stem ballistic Coneuctiontst. o
train. Includes nll operatIng oeain
components up to severajied system

- Initiation mpnifold and rocket.
System' will Include electrical,'
gas operated, and manually operated
devices.

t ~~~Structural Component Mlechanical lab soace. 'Stftctural Tnla eso
test ttý-mxij. R~ocket attachrneot fittings; eInlats. oz
Parachute iattchment fittings;I
Seat mountinga; Stabilizing booms and
attachments; Stabilizing boon, actuators
and attachments,.. .... .

S$led Tests Dummy (Boilerplate) Capsules with Conduct elght sledt
D7prototype rocketniotors, stabilization the s~ystem ni;nr

booms~sablato 8-r-chkc, ts~d from it"' to"

coeyparachatba, Oand impact subsy :teans. cablitby of ~' t



Vrb, >V.tc sv~av Deelrn-Ia TM Oi

4opi Po o W5?ar cpi asl

oads to crew restrain'. Contractor lx veluj', rpstraint systell -. i~d

rize 20 times. C, psule Conra.! i) 13velohp einorgonc' ,~~ui N' curir

ce simulated. a .~in sys~tem seinsing wmd contol Tm

(24 I)'2vcIlo pre~re s v r r f, s
sevecrance plans.

severance firiirgs of Contractor s'i~ ~nte

severar.ce firings of(i e eodeinetikr 1 CSV

coplete, separation I~ iVt(f ln.Tm
ne. f(2) lDevelop comnplete weverance. Novir~s

Contracto) Develop inlpoct Attenuation 53 stern Accelerations
12 drop tests of cap-tie

ýeparable nos e; 6 onto
rface, and 6 into water.
tsWkll occur with v-arious
Sorientations relatiet

!~1t pithandIn evetiiContractor f1l bitcgration of ~s,)t-mcn omm Novi

&et 2%) tests of systmets

Jon.
Vests n eachitem.Develop Ltru';tux al ~oipnnsPressure

Trarl.
5eV eight sled tests of lertu ytr e~A iwlAclrao

, steml W. increments of itm el ntoLod
P rom 'icro to the rnixdH.I111 and sbyitemtin Tiffc n Lon

ýýIlity ol the VehiceI.

T__________ 
-~ .'-----~.

"9Z,



ITEM TEI¶f1 AJOI. EQV&.IPMENT TFST CONMYT T

Q-1 Satic Structural Tests Seat and attach structure. "Fixture Apply lo*'ds.
for application of loads.

Q-2 Environmeantal Tests Structurally complete tioat and One bunctional firing al-
su -ort structure assembly. end of the environmnental'
Support fixture. tvsting. TVests, high te

ai.ure, low temiperatuýre,ý.
hun idit~y, salt spray, sal
vibration.

3 PreepeatlonalCockpit mockUP la~cludlag seat ctate s;yste nc o
sys-temn less onoly ca-tnpuit and-ee position.
h. t~ch t-hrustcrs. Support fixture,

Q-4 Canopy/lfatch Removafl Cock-pit mockup'with canopy removal Actuate each hateh reino
* system and required portions of tern once. Hatch is cbos

ejection Eystemi. locked for the Zest. U~til
- -seat trigger machanism-

tion of the sequencee
three, and four Jettislnon
respectively, two, ihrlee-,

Q5Grotind Ejection Test Cockpit mockup Including compitcte tEject seat twie fro~m e-4
seait systemn. Support fixture. position. Once With Vlrr

* hatch removal vss a coMnsý
of Lhe ciection- geoen~ce
once thr oughi the C;!nejiwjI
six, and eight ejecti("-ýý

* respective-ly, two, threc'
fou'r ace airulanews.

Q-6 Sled Testts Compklct aircraft nose mockov, Icdr Tesýt fet
with ope'rable ejection scat

systm. ixtre;nose sectifon t')
sled attachment. Test seats are 'd~ n
recoveredx undamnaged Siol, oif the time. 'Stations: Pilot CrewRemainder lost. imu

IAS I I
iierineit
JAS1 0

MIF ýN F: IN L C -- 121621 * -- F seven, zind flnd e er

NHL-C-25iWi9A spectively, tothree',6MIL--2628 aipiI



'0ý1

NDITIONS SiTE O1ýEC1VF IS-X IJýNTA I' *.M

Contractor ctx] rl dmnrtoi.Loads~

hng at the Contractor ip) Fui it ional tie ionst~ration. ep~tr
ilmenal '(2) Ptmornotratc esign re'ss- Time

hightemper- tance to eiivironrnental vfrccts Pesr
rture, alt~itude, onefrm'e MVC
ay, sandad

-e for each Contractor (1) (Thtailn preflsure, and force ' Pesr
timec bistoricF, fromi Ss~tem1 Ti me

>~ I , ,0opratkn, 'Loads
(2 iY prnper sequencIng of Movi(es

- ~~~, ~serial pr 4 os-

hreawyal s'yg- Contraftor' (1) Funcfionalde rsrtin
la closed and Pre('S F tIre

8t. Utilize the Tiin,,
thn.s for in-itia- Lovds
:tc.Two, Movies

Ison tzsts for,

ffomn each crew Contractor ()Stýýtlc Oe Motntratj il of 'Pr-essure

tbflflkal scape System, Time

~qe I en3 and Yov Ies~
iacanoy. - Four, Aelev 4-att io-tn s

lectioni for,
othr~e or

_ TCSo Trackv smouEtr temsea1levew o44r- Pressure
P-tion of sy .t ovr speed rneLa

Time
2nid 3rd 4th lcrt.Aclain

K Crew Crew Crew Mve

idnine- ejections for, to:-

thr'ee. or four-place

119



ITEM, T11T TYPE y AJOR E0111PIPMT-T ýTESTI CIONDITIO
Q-7 Flight T ests Test Acrf; abeetinR!eýLiircd Tesi Eiect

seat syste'n aý iP`e21tsqd cmew 9n/
staio. TsteelB rerecveedStations: Pilot Crew~,unkamagred 50ý' of 0 thve 1.

Remaiinder lost. I ah

0 1
In!~rncdiate

Mvach. no. 0 1I ~ ~MaLx. Malch.,~ gh

Y-usix,.adegt -et
tively, front, two, three or

Q-8 First Stage Decelerator (1) Test rtleshaeý mInd 1fixeloturtrtaeeeefor cttachrment to sled. ()Dpo is tg ee
testv,. Conduct twvo tests at
equall~y-spaced speeds from
maxinnum. Test article is

- from 'Sled.

(2) Seven expdal test arti~cl (2) C onduct seven tcstc,.
shapes. Carrier airpline. deploymript altitude approyxi

(3) Seven expendable test article (3) Conduct 'seven t.6sts.

ifrtoo nifitutet mxia.

/ahNubr
Q- anRcvr etatcesiIc arirA- l'Cn c rp ri



DUIOS SiL MWCTIVI: -Ni R U , TA P'

Eicin zprage Lmo_,rt ~iueoeainPesr

of hesyte. oa
2nd~ 4th Cz~iue

brew Cew Crw Tim-

~NLMTIOS SiTAcceleration~

tejections,. tro fag Dmntrt lttdeoeato esr

e or four-place

deceeratr Inten Track(1Dmosrt tittrydly-odI.
I detecertor .erltntiostamd chute Accelerathin

'tests at eachi of five ntliy~ tMIaeoftStstPesr
fced from minimum to artice n ovPessr

irticle is -not 1launched e

kests. Decelezator ' Drop Range Verify predict(-d deceleration loads.
ý 4pproximately

Mitce releaseall- C 2) 'Demonstrate satisfactory opcr- , .

lye deployment vel- ation In free-rtrearn conditions.
i 'peed range.

ttss Tesl. article Drop Raunge ()Drnnt lenstisfacor oer-
4,1mum altitude of atlon at high Mach numbers.

ýnaximun. avarlable.

romn saffe altitude, five Drop Range Demonstrate deployment, chnracter- Load{
Wrrier speed and five Isti 'S ' chutu stability, and design, Acceleration

to maiu snkc r qt e . Movies

Cnritr (1) Funct onal acnionstration, toldj

CZ) Data to prove demnnf~ration,

ý, on es-cape Contr"actoir Demonstrate d( sign resistmice to Tmeau~
bnfunctional' enivironinostAl effects ort 1-_rfor- Pesr

ton of -environ- 'mance. Time
b igh temp- ' Moviesf

6rature, altitude,
sand, and

ý . by1. *

121
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WSM ITE"'ST TYPE MAJOR EVLEi ETCriii

Q-1? Surface ImatStructurally completc test article Drc tvests rug'c -

brop facility fo lInd andi water I rate with mnaxinm mde:
dops. Spr at Or repair j comonmeyt8. ITest mrieafter land drop. posliton.d I a moSt erit~ic,j tation with respect to xury4 -

at In-stsmt Of lxpatzt.

( onduct one drop Ow
'crete surf ace. Repai.r t,.
ticke as required.,ý

21Condauct, OW: drop aW--

of" tefyt artlIc after W4S

(3 cndc ea es~r

st lia in esuort teC
Seventy,-two beeAr flc*t>'
stablity delmcnat~ralo

Q-13 Flight Tests Stutrlycalt etatceCondct a total of to I tr
with operatlionl escapeý suýsyz* Ve n-s acarrier airpliane. A
excep~t , fivrct. M141 i
kits for restoratilon of Impct)i Five drops a~t nonm
systemn. .1 speed from mini;mum

muink of carrtcr. DropMj ZOOO0 feet.

(2) Five drops at elven

nmun-A of carrier. Dropospdfom tlmnt
maiuaofcrre.

Q-14 Sled Vfepst Strzt '.vtr al ly ; tpl e rtat~ k, st vl .

of Att-ch, Vand raw aogle.' Seven .of airbpe-edl fromt ariaintz-
epar ktfor raontloo of. in,- -- .Ot dlr

pact, systemn. For osptude and at r~wdllwurA WA. Eight
separ.able noee tpe iteStt: S~evenW utiey sueccessful demon'
kits for rep~lace-ni!met of &tructure dvd
at sepratin pane



DrK N S SIEO'DJECTrr TV

velocitytim ofc~oato
veloc ity lImpact. attentatkmfl rytv ' Time

~design drift
Sidle shall be ()Data to6 prove e.nrao

6 urf ace track

*Pordo a con-
sJýIr test Ar-

onto calmd

6rhiesa& demon-

Drop Thir.F.- g~ eoeyeiytemý pak'DIAcecrto
,Usn drops from d1 ~~.Ti

*TIM increments
~mmto rasxl-

ODrop altitude

Ilniun to roaxi-
))r op altit ude

Travk r'. Op lrioti d",takt Aclrto
~omirtions of

even iii reinoitsI
finmmto

Adltzonal text

ideaionstretions

LightV c1tse3



'wifl be iCequ ired r Fifteen al'e pros urnd to bteo-lbe~

a Twohihvje motion picfure Coea r t inou!Lc-d onl the tunnel ceiling
an r1,1 f or pla, n a nd (.Aeva1 ion picture~s.,

V Twoql.ultiple-expopure still catnor~s; plan a, d evahution.

r3 foce an moet n tiodel infik tream.condlitions. Ii
0 Eject modtl 6scat ten times from orle crew. position. az(d five timnes fr&Ili[the other,~ Ten ejections wlill cover a rang,ý of sýýpee-ds and airplane*

attitudej from the primary tes~t station, :Five r-iections fromn ihe
secr~dPrw gtatioii ndha- tite most critical comobinations o f sp ee d

and attliude.ý

0 03•<MN7•<Ii rA miay be scaled for
ejection tests)

hi sea level, and S'Calf 2.5,000 feet

Airpla"ne atltitude. (ejection tests):

0A and 5' A.

Seat. attitudes,(Force tests):'

-60 •J •60 ~ Lit i

I * Three force coefficients f(MN, a, 0 ,

a Trhree mom ent coefficseients R(M a ',~

a, , jrcossnres (Htc jettison. ffJM, a , 0 0~ characteristics. For

conriso 'fli full-scale sled d ita. Sea lev-el condlition only.)

*EjeecAon traijectory moviLýz

*~ i !viiple-exjosura still photog-ýi4phi-_.

1251Y



a Establis-ýh dsiredb!~n-~v~~ tbla hrotrsis

a Establish safe escape trajectoriesý5.

b. Two-Man Subsonic VTOL Vehicle Cockpit, Po~d and Icq-arable NosO

Equipment

* Transonic wind tunnel

' One Partialai arplarne model (.n~oe to tralling edge of the wi~ngs; wings
inhdd.The, model Is built hi two, part~s: (1) ,t~he eiijoctable escape.

poirltion ccockit pod/se-par'able no-se (thi e aetionv will be a fercemodel);
and (2) the remanbing' portion of the par'Ua! model.:l -ocdeinggmust have
the c~apabllity to adjust the cnapule in thiree positions relAtiveý to the air-
plane to determine the force's on the sepaf-ýhle poxrtion while i s in the
near-airplane portion of the escape trajectory as shown below. -Capability

to simulate bboster wake (cold flow) mUst be Included.

4-
3~

2d2

_ 126
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0mOne full' model of cane alca o asle Cearriex a! oral fseptratio

** Ten o~ectable cockpit pod/separable runos asls

o. 0 he xfgitos fsailigdvcs tah oý force wnd

models but may be fixed during force tests. Vhurteen sets f sta Mlzin
v F devices required. Ten sets wvill be consumed dtiring ejection tests.

* *~TWvO high-speed motion picture cnameras. Tunlceln adtnnel-w~

mounted for plan and elevation pictures,

* Two multiple-exposure still cameras for irm pannd elevation.

Test. Conditions.

o Obtairiforce's ad moments on eapsule In free-stream eodconnV s.A

* t~ain forces and morome~nts on capsu11 l in bre" pwsiftlons in the cear-
airplanG portiou of the escape tr~aj ectory. Rocket wndke shm ilatifor required.

. Eject capsule ton tityes. Tie ten ejections will cover a range of speeds
and atti-tudes.

Obancrrier aircraft ~-capsuls separation characteristics to support

Alt13A and 0 9propiat tominimum, interinediate, and maximtUi

h sea level, and scaled 25,000 feet

ap sule attitudes: (free-streani force tosts)

-. ~and ejection to~~

s3 0 and 5'

127



a, i

Airpln~as~ cmiai'
* Three. inorenet coelficf t f(P4 ( t

Capsule alone cobn4in

* Thirty pressures (to compare twinel results Nvith similar full-scale

sled test davla tc' be cquiP'ed during track ~sh)

* Verificationi of xoc-Let wake siraukhLfon. Weight flow 11 mcnt.

G Ejection traj jelto ry Movies.

* Carrier airplane-cm sule drop mnovies and stIII, photographs.

J o, Carrier airplane-capsu~le forces and mumvnt8.

[ ~pos sible confidence- level in systeM capabilities in-con-itions mo&I

e Trans~onic Nv id tunneIl.

* Supersonic wind tunnel.

* One partlal airplane mnodel x~nnse to' aft of cockpi ar~.mcm1el wIII
have three operable hiatches and capability to eject soats from. all

C-W stations.

* One force mdial of ejection open!/seat enaasla Seat

a Twezty ejectable, seat m~odels (two scales: aea level ane rflttude}.



rcutd Tiei, reto _ýC c~oasmfcod if). 4Clooiol t, s.tV PiveT~e
used in development tests

a 'Two high-speed motion I lotvveca~~ Turine.1-CCIlfIgM and tunnncl .
wýall mounted for phipm and elvfoictuýes,

* wo maultiple-exposure still cameras for plan and e eva-tion.,

Test Conditions

* btain ~ccsadmments on seat model in, free--stre-am condito,
.. Proximity to aj.'Plaae riot roquilred.' Develop requ, red stabillizer

4 ~configuratioan.

* Eject model seat ten times fromn cr'kIC al crew posfi~io, anrd f ive tfimes
fror each uf the other stations. Te i~iŽ ilcvrarneOf

seds, a+ bues and two altiludes. Five ej -cftiomno earch f rom other
crew tat ions aL m~ost critical combir~atio, - of san vd, at 'tdo, nand
atl tuaie,

. . Test. Variables

* . Mach No, (MI may be scaled for ejection tests.)

Trransonic 0.3!5M ! 1.1
Supersonic, 1.9!ýl 5•3.0

C..onduct supersonic tests at alt~iturle only. it i s assumed that a crew
memnber would not slarvive 'above Vc GOC kn6~s in -m open scat, or
above Vc =800 knots .1n aenpsaed seat.:

a Altitudes

Sea level

* , Airplane attitudes (ejection tests)

Transomnic - a 10 AA

Superso Jc aA .*I

. Seat attitudes (force testls)V -60~• (3!• O00 I~-

:129



4- Three force Coefficien ts f( fi p.

r h~ee moment ooeffcieierýts f (M, o , 0,.

~*Thirty pres'sures (hiatol a(M , 0 ~ jettP'on h;xchtisFo±comparison with full-scale sled da~ta. Sea, level conditionsw o-nly).

* Ejection trajectory movies.

It Multiple-exposure still photographs.

. Establish gozý/stabilkfiain devi'ce stability characteristlcs.

* Establish desired hatch jettisoniffg char acteri stics.

e- Establish safe escape trajectores

d The-Mrn Comixnd Capability Vehicle Cockpit Po c ran Separable
Nose Capsules

Equipment

* ransonic wind tunnel.

0 Supersonic wind tunnel.

-bOe artial airplane model (nose to aft of cock-pit capsule*/nose separattion.
plane*-, The model is built in:two parts: the eject-able escape po~rtion;

cz'ekpt podseparale noe (thlis tection Nwlll be a forcemoe;reangI
portkun, of the partial model. Modeling must have the caPabillity to adjust
to cansule1_q three positions relative to the airplane to dete~rnine the
forces on the seýparable portion while it Is in the near-aftrulane port-ion of
the escape trqJectory, Capability to simulate booster wake iniluence

A ~(cold flow) mnust be- included.

0Fifteen ejectable capsule models and ten drop m~odels fo'r c~arrier/ca'psule
separation tests.

s Five configurations of stabilizing devices attachable to both-' force and
ejetion models. They will require deplo~yment cooiiy en ejectiton

m odels but may be fixed durling force tests. Fifteen sets of the fialrq
configuration of stab~li!zing devices will be consumed during the eje-ction,
test.

I FJ 0* One -full mcdel of carrie-r aircraft for capsule/carrier aircraft separation.0



S•, ~ Tvo h.1 s m•-~x otur U•_, ca ela C!", ý~ ̀ • n '; .- -.....f a -nd ele,.-vation i:us

* a The mulii¶AC~~m" '-ex ure stil Caeras, rpt A i~ h

t"- Test CodhUtono
SOtIain forces and am'eS.t or cn.psule in ftr posi.i.. s i th. nar-

0 Obtain forces and moment.s on capsule In eh .o.s... ••...In.... . e
-dairplane portion of the escape trajectory. looket wake simulation

required.

*, i Obtain carier aircrat4!capsule separation c terlstics to sucport c
follow-on flight test drops of f.di--scale capsule.

0 Eect capsule 15 times. Ejections will cover a range ... f epce1s and
"attitudes at two atlulxdes,

"Test Variables

T oi Mach No. (A may be scaled for ejection tests.)

Transonie 0. 3 SM AI l .]
Sapersonic 1. 4 •' M• 35.0

* Altitudes

Sea levelW , Scaled 55, 000 feet- -

-.*• Airplane attitudes (ejection md capsule-airplane force tests)

51
Transonic -< <aA < 10° AaA=

Oa = 0O and 5°
* Supersonic a = 0'

* - Capsule atiuides (free-strea.un cuce tests)

at-0o < 60o 6 100
- -60' "-: & 5 60' t =

Data

* Three force coefficients f ( , 0, ',>)

* Three moment coefficients f (M, a , ')

i•. * Carriel' airplane-capsule forces an., moimlents,

$ ' -131
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* C a' aIsp era~l dl~c'p n and st-itVA~'ps

e3 Ejection tzajec~tozy imovies,

oMultiple'-exposare still p~hotos of ejections.

* Verification (if rocket wake siimulation. Weigbi~t flow, measure et.

0 E sta ltshcpuesaiiigdvcstblycar

t a Establish safe escape traj,ýctories.

*Establish feasibility of dropping capsul.o: from a ca rrier airplane.

* Use combination of wind Wannel-'test sled data to establiah highest possible
contfidence level in escape system capabilities in, conditions im-possible, to
flight test.

e. -Four-Man Superse.,nAe Dash Vochicle Ope n Ejection Seats,
EnCap-sulate E~jectlon Seats3ý, Cockjpit I od Cpules 'Inl
Separal~l Nose Capsmles

Same test programs as for three-man vehicle.

3.* DEVELOPME:NT AND QUALIFICATI ON4 COST SUNUMARY

Program costs developed for the twelke escape system. concept/vehlicle
for each program as defined by the test outlines (Sec. IV, 1). TCho item 2 coelts
reflect supplier development costs for the open ejection peat system". the

atdseat ysem an h okit pod and se-parable nose causOle

Tetest pro--in costs ore ciassitf'ed as budgetargly and wtre devcloped to.
be usedas a trade fa(t-tor to aid In the ,4Q~ectlo,) of suitable esctpe systemns
for' specific airplane Pwonfigirations a. T'Y have a basis of estalblishwiej ,-owne of
the item costrs, It was necessary to rnakt the following assurný, 101191V

* Each test progruwi wars ass lt~ to be a part of an dirin pro"eetion-[ ~program.$

* .te costs are In terms of 1966 dollars.

*The t-ime from programn appý:oval to. roll out of the fi rst f~light article wa's
assumed to be 30 monthis.

o No new capital equipment will 1be rcquIrgyJ for these piogram. orcr

test dat9.

* Major t-st parts (viz., cockpit p,-od capsulee, separaVI", nose. Cap!ues,

will be provided from production pzxrts; no'6 built in excperl-ýiCMJs shomni



Crev" .S ,e Vf

Opcn Ejectlion Seat -

Ite I$ i,569,156 $ 2,OW 4.93 $,0,59

Itein 2 5751F4 0 575)z8,1 575, 4 0

TOTAL $2,144,990) S 2, G15, 338 3,042

Encapsulated Seat

item 1 $ 2,651,258 $ 3,140, 801 $4,741

Item 2 _7 500,000 -7 500 00 50,co
TOTAL S,11,5 $10, AA0, 8 11 I----, ..

Coekpit, Pod Capsule

Item I $G, ib 99 $i 8,l0fl.70

TOTAL $16,000,969 $18,546,45" '2 5,020,Q,563

Separable Nose
Capsule

Item 1 - $7,425,528 $ 8,897,993 $15,797,007
'item 2 9 W,3 2 750 )1 177f750 !~1) J10

TOTAL $7,058,278 $20,075,(43 $7 , 0 2 1.,1o4

lIemi I Contractior develop-tnmnt ,,nd qomalificatie-m tesýts

Ite'-n2 Supplier hicurred R~DT F,~--- norr ecurrit- cost

13
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F SEýCTKON V

"ESCAPE CONC RPT PLEEOIINA NC EF V AI"jiu N

SSeutlon III presents basic escape system p rf em asr -e c.at.bilities witkh
respect to airplane altitude, .velocity, and descent anlgle at the,, tim. of escap-e2 * initiation for twelve representative escape concept/vehicle co•,'.1 attons. This
section corers the results of an analysis of the effeotivehs of the escape con-
cepts to provide safe escape durin'g cer•tain critical phases of fiPght. The need

""4 for automatic or semiautomatic detection and escape initi.tion aso is analyzed.

The phases of flight considered are VTOL hovei and tranition, conven-
'tional takeoff and landing, low altitude dash, and high speed Pnd altitude. To
accomplish the analysis, "check point" emergency escape situations represen-Stative of the escape conditions that might occur during eac poase of flight wer
dtfined. Each escape concept was then compared with thie escape conditiors to
determine the relative effectiveness of each concept.- The need for, or benefits
of. autornatie detection and initLation vwere evalu.te,.d by: 1) considering the
time required for a crewman to detect the emergency and to manually hiitiate
escape; and- 2) determning the probabity of escape initiation In time for suH-.
cessful recovery during the emergency sitations or conditlons defined for each

• 'ii + ... .. . p h a s e o f fl ig h t .

1. VTOL HOVER AND TRANSITIONBo evaluate gi. e effectiveness of v-arious escape concepts for t he-e VTOL

hover and transition flight regilne, certain emergency flight conditions repre-
senting the type of escape situations flat might exisst were defiaedd. To provide
a basis for establisshing the representative emergency flight conditions, a
survey of available information pertaining to advanced VTOL technology wasmade. The follmving paragraphs sumrmarize inforn•a•tion concerfing types of
VTOL vehicles, propulsion arrangements, control power requirements,
"methods of control moment generation, stability augmenUtatin equirements,reliability and control redundancy requirements., thrst to weght requirements,
and vertic~al takeoff and t-•-an.ltlon techniques.

IS TpofVTOL Vehticles

VTOL jet trcrafts relattve to lift engine groupIng, gener•ly fall Into oneobf three categories:
and ~~~-c vertina takof and t-nitontehnqus.of-

A single cluster of lift engines centered around the vehic.e enter
gravity. Tills arrangement results i•n minin~trn engine failure control
proTbIelms, but engine thrust modulation dces not provide al cffecti e
mears of attitude control.

"© Two chusters of lifting enghies, fore and aft in the body. Thiis leaves the
*.-' body in le center of gravity area free for loading fuel or sores. The.

engine failure pitch moments are high, but the engines may be used for .
pitch control. In this arrangement the thrust vetor of the af eng~nes
tea; be Notated to the longitudia i direction, thus beeemi p comblnatlon
lift and cruise engines.

M..
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* 'Thre-: clux-ters oxý lVItng, engi~nts im n, lrar y F-en.T,,
arargremeat allows th e basic vehicle to u von nlat o-V!UltýAn r,*_rl~ol f - r
all w-es but epulne faillure mnolxey)Jts arle N-hit, p~tch, roli, s ýod yý:v .

Th'3 VJ-4GIC is this typje of V hlfte. .

Control PL, e r Rcgiimt

The generally accepted and recomn ermed levels of co trol poer recniix,.
~for VTOL hover flighnt are:

Pitch ( )0.6 rad/seC2
.t

Ball 1. 2 )~ rad/sec2

Yaw ( L)0.4 rad/seec2

Control Moment Generation .

Methods of control moment generation for VTOL hover and tranlsitionL /

Include the oll1owing:

' Engine Tfixust Modulation

On vehicles having the lifting engines located atl- somne distance frorn th'el
center of gravity, thrust modulation pro-Odos ran effective YnepinA of attituide'
control, provides largo control power, and is effficient in the use o' engine.
thrust. The differential-thrust increments of opposing lAIfng, engrine clusters
are generally schedbtded to be of equal ntagni tuda aiy i nclude both hicrea-sing 1
and decreasing thrust changeE. When the engines arc, at full rating, 'he con-
trol increment will be dow-n only. A vertical1 acceleration noupli ng exists
wuhenever the Increasing dirnist modulation increment Is not the samn llagni-
lade as the dec-reasing increme'nt on the opposing migine. Pitch cotitrol by use
of thrust modu~lation recjuircs no adaftio :1t equipment or weight tci t~he vehicle
other than provisions for cor&niýang pitch difrnIa thrust signals with1 thle .

collective thrust signals. For effective'roll control by thruast inodulati_-, ..

t.ae lifting engiý'nes should be locatcd at the wing tips or at some distlance out
from the body, Sue ess of thrus~t moduP tion for contArot depends on the re-
sponse and resolution characteristics. of the engine to control Inputs. Lift
engines, because of their low weiglit and inertia, have rapid rceapnonxe thme-s.
'The heavier cruise engintesp have subiAntlally longer respo-nse thnes. I

A;ngn Pleeie~eioit Conatrolp

Reaction'control s-ystems utilize engiroe icd dtedl tov reaction. cortrot

nozzles located at the wih g tips for rolL cnrl or locatcd in thec fiI'l zmd nostý
for pitch control. Roaction control systenms are evuperlor to thrust rnodulation

engine thrust is achieved for roll control sy sfen a bce utse largvr moment arns'
are Possible. lI;action systems require lUrge volume and iveight for ductuifg
Since reaction systems extract energy £-rom thie lift engine, an. effecti've loss
of thrvst results1 w~hen control power Is applied. The thrust loss. ,-ocittted
with average control usage is depcneianat on whlcjethr the system is designedi tt
a demand or continuous bleed syEteni.
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Differential V ~ietorirg

This mneans o~f control Is used bi the J-%1 If Cn Ic uecllo výit thrL st
modulation for p t ch aitd roll crontrol, Lateral r o";,a f CY o f v r 0 s 01 i n,' foir

* ~~~yaw contro! is conideixod satisfaeo, o oneinaltos

Engine Bleed and Eurn ii1eacttion Control

Bleed air thrust ina-, be augirciented by the Introduction and blarning of fael.
However, the wye of burners increases the cornplexity of the system and aids
weight at aht -,aft extremities, This, increas-es rotationail inertias andt there-
f ore co-ýtroi force req~uirements.

Yhe use 6f fans for augmenting bleed thrust offers a consideraJ1~e

tion in bleed air requireMents and m-ninimias elngine thrust These I
systems, however, pose a weight, volume, and inst~ Ilation -problem.

Separate Gas Generators and Propellant JFueled lock_,t~s

These methods of providingr control fintrnduce com plexity j In log)is tcI
jroblenis and are not considere! ni~ropriate foir use I~n VTOL vehicles.

Stabilt Augmnato

VTOL vehicles withouit stabilityru -ugnntatlon respond to external mo-nents

istics is extremely difficult and unde I tina oritiolvý prolbably imiposý-

L ~~~control or disturbancehipu~t.Athu xpreedirt-n
systems and are able to control hriigalrplae hsirg ampin
flight conditions Lust be nearly idead. 'ýiylng a i'ate-ý-ontrol systerm r-equires
continuous pilot attention and leaves him litle tirnC fni other tasks during tr
VTOL phase of flight, For flying under oper. tionai1 codtos including all-
Weather and gus-ty air conditio~ns, rate-control svstems are not satisfactary in,
pitch and roll. An attitude stability augmnentation system, thatin!
vehicle attiltude proportional to stick deflvetion, bas a nuxnhor o t, o'aigres

overa Icsystem because It reduces plvt-t control effor sIgu On~V
*improves: hover accuracy, Sfi-ulafýnr t~sts have indicate6 that all :ýItuzlo

tjystein will 'piovide satisfactoryv pitch :ani roll control with the. reonmienedeid
available control powver lcves iste In Hbke preceeding p~art ape-s. A at
control s~yst'em !,q satisfactory for' yaw ant's control.

Thxs t 7 L.Requireraents

VTOL control systemts ex fa niergy trm he Installed thrus t c anab Ulity, I
and ary demiand on the reaction eontikol svc;tem Y.--,resents an cffcý.AUve
decrease In the thrust avallhbie for lift, Fsýmte control demand:- for
vertical control, continuous co-ntrol requirements9, center-of-,gr-ivity trim,
steady wind,1 and static suckdown, indicate that a total instfdlld thy ust-to -weigi~t
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abou T. [13 prha vili, b~e rcequired ib fulror VOL aleat
Furt1.~-ie, laj~ge icp -naneuvers, involvingaru 11cXln~uyr Con r-

VTOL velhicles req-,ire' s!ýýtit-Jlt anvl control tiugnw:tsl cicn fctr raission
succ:!SS and. flighTt sa.faty. This leads tr, the need of -m. extre-moly rlai

tv, has 1jeen proved b,,, crashes of s11 previous VTOL aircraft, Advanood VTOL
7;: :: I probJauly require triple redur, a:- for all flight stafety critical

co~rlu system elements. being fall-operational for, all pos.-Ihle first failures
and ICR~i-Baf-e for most probable dual faihures,

Vertical Talke~off and Transition Tec-hpnir eo

Vertical. tuakeff ind transition techrniates anid procedures will vary dep end-
A.g --ti cular vehicle geometric cfiuaonhmandling qu.abites, fuel
consumptionasnd el-psed time. conslderatkins. Hoveve~r, the gener-al, proce- ~>
(hire is to bring ~ltnst ulpowrer 'with thrust poiiting vertically. After
the vehicle %las reached the deFirad altituex, transition it. eta rtnd ~n-d the
flight padi_ Is controlled by a smooth forward rotation of ihe tlxust vectoiz
arngle. Vehlicle atdt1nde is, controlled during hover by thrust m-oilkiation, eygane I I
bleeed react-ion systems, differential engineý vectoring , or combinaMtions thereof.
Du-ring transition, fcontrol is p-eovided by engine control San aerodynamic con-
trol surfaces. Retrmn-sition for landing is accomplished by reducing engine
thrist to idle, durin.g wving bornc flih t, with Lte thust vlector angle at zero.
Thrust rotation is initiated and gradaally ia~creased to the maximum- deflection
angle (vertical). Engine thrust is increased to mnabitain the desired flighat
path until the longitudinal velocity becomes zero. The v rila landing is t~hen

a. Escape Conditions

Due to the large number of possible variations in future VTOL vehicle
configurations and designs &s discussed in the precedbing paragraphs, as well
as unforseen changes in the rapidly advanciv4g VTOL tachmloing, it is not
possible to define precise anid complete Pecape ruquireme~nts that would be
appropriate for all fitture lVTQL vehicles.. flne , iF certain standards
relatie. to flightA safety critical areas are ad~hered to in fetura VTOL designs,
it is possible to define somne specific limiting escape condiqftion that will pro-
vide a suitable basis for escape concept evaluatitlonv a:n-d com.parisons. .

x~pe iece wit past VTOL eyer crimral v, hicles Ims resulted in cer-
ta-L design philosophies with respect to flight safety crit'ical, area~s kivolvhIg
vehicle geomet~ry and con4.-ol requiremen ts. This involv s engine placeraent
and grouping -a im4ini~ate_ excessive uncontrollable pitch or rotl resilting from
engine failxre, stablitly aulgimertuon, and highly reliable redundant Control
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d.~r" I IOver fra Irrin I r-, n fil- ht.- A 0C c ta 11fl
diti s for engins "oallures tlnreouIll- bovc rý a ý T7b"

and results of the analjyol -re pi e rn 'Ur fo I f t'ins SOk wIo .

The m~ost critinal noss biI c control Sy.n f uu ould 14C on'e in
which the maxiAn un- av-ailabl ot powe,,r Is I~t2 fly t--pli w-towrd llard-
over pitch or roll, ThIA wou'id result in a tunibling ccndition th-at would not
allow% the succe.ssful use of any real stfi.aaJly desigres ocm system. nfowever,
the. probability of this critical control systm fa'L'rc (y. arriru fO, be Px-
tremely rare in view of sliability a-agmerntation and control systemn rcA lability
requiremtents for VTOL vehicles. A more proabe t.-.oi sysfe-m failure
wonid be a fail-safe or passive situationp in whlich poi silr cot troll may be loikt,
but adve.rse contr ol or excternal mnomrrnts wo~uld be ~o~] onldy. A &etilled
anal ysio of possible control s,ýystlrm f-ailures -irld rc,- tim Z ec condiffions
was not accomplish ed. For th~study, it is ' r~rs-iard that futre VTO-o

* vehitcle dczl.gns will be such.- tfhat the most prohablc> confrol tsysifexe. faitlures! wIll
not result in esca-pe silvatlors sigaificantly moro se.-rors t-han th')ie deflire by
the Cengln11 faýilure mnalysis.

Prevailing philosophy concerning, flight safety for fut-ure operational
VTOL jet aircraft callp. for favorable engine pla500nro.mi relative to the center-
of-r~avity, mnultiple engines per cluster, ani6 stabilikv uLn-: control augmentation
that. will automatically comnpensa-te for an engine. failnre by mnodulating 0at USt of
opposing engines. Thus, minim!zing adverse pitch and roll' andt maintaining staffe

sesape attitude's ;n the event of a= engine fa-ilu-e., The ideally design~ed vehicle
would crash in a contro~lled lcvel attitude following an engine failrux during
herotrntln Fiure 112 shows the escape condit1.ons that v'Ill
exist fur the ma~ximum :tability case engine f&!'urc at ait-Itudes fromn
zero to 500 feet during hoverflgt For this case it was assumed that

loigengine fiue

VTOL vehicle behavior fololowing a i er-inv fa Pure is dependent upon
the vehicle mass and moments of Inertia; geemnet-rieo arrangemrent of the lifting
engines; distance of enine-s fromt vehicle cg; nnmber of engines in each cluster;
type of contrcl, and stability augmnentation systemis; eng-rno response; reactio
control system respxunse; vehicle aerod-,namiic lift and control. characteristlics;
installed thutt-e'-1-i ratio; takeoff. landirg e1aldtasto tc-hnur~cieS;
pilot emergency proccedures; and vehicle flight conditions, powver settings and
thrust deflection angle at the time of enginc failure.

To establish boundary escape conditions for engine failure Wta1iZ
in VTOL vehicles in gen.eral, certain. minimum vehicle dcs-i nu coiisidrawos
relative to flight safety critical areas were prescribe-d. Thes desian consid-
erations were based on current and projected VTOL technolo-gy aldf design,

conditiors th-at are most likely to occur.
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nc-teob 'Fundc Lly A Lr.;n -ez~ byntl"h c;%,t"'CA tnoi' roll.

A Yamianimu of two liffing egilrl- 'in each ciustu.r fis ittm n ac:;r
pitch contro and to maz~nta"n aecuxeptable escane ettirr r '-

enrgine L ilure. The P.miuna n engine requircancuts ri c" E- 1 ov i in r rj" e In 13
and consist of twvo forv";ard. lift mvgincs an..d tvo aft Cni Ic ,e- < s Of hliclh the
thrust I's deflected vert-ically to provide )ift f'or tae ft nd f

istaceo1Aftnjf~nLie fr m Vo.I e~ Center-of.C C" & 1

The ~ ~ -rlitoshbeeen crý ugine atlrust, locmtl od-.v 'c t o tx±o: oan

Thom ent-o-crtteis'* Cenldranrd
rolling and pttch ýg-momet-s w.t Iai ehala such f tii J cV LUpflW
to a Siingle e~ngins fefur'wll IIIot cwizcd UfL S racd/se-c2  -'i flt 0-- 2
rad/se cc2 rn-01 ol.

A ram p thruist decay or bulddup of 3. 0 seconds for a Oarusit enhange of 80
percent 'of maxiMm-nm for bothi lift and Crtiss engines was assmre d for engineA( nI~dilS~tl~i p-ch 00cIox

Reaction Contr~ol Response Tints

A 0. 3 second response flute fr-'r .p'plieat!on of full roll centre!ý powver was
used for the minlir ur requiretaents ve~lcle enginet bleed revction control

system.

bleed reaction eunitrol system, Scail not be less, than 1. 0 at1 manximum powerTh otilat'tdthu-lt;'I eiht,.':uv of 1 ead of iti . In
tvr steady state trim conditions.

The, mitnium z-equirele~ vehice shalfl be provded w ith a. tabtlityr tu g-
Cmentation systam which,thr-uug* the thrust rnodullatloni pitch control systemu and

theý engine bleed recn-tion control systemn,, Will aUtomMatcally act tow~ard
F: ~ *achioving a stable level attitde In the event of engrine failure or the application 4

ciý other external moments.
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1, ' av 1, o" IC Ar, u . zaI

1.2.2 raf/1fC%.j~ rits Is 'cn Vne ~ ~tCS A-r(ol aunthlorlt; eed-J, frc
hover fl~h n, s ;0f T ýTC

and is e;~u1?i totc, mxirmnw, eno`. fI~rspol-se. Trci.

inwn pitch. contd-261 ;Awr a-vailabie by 80 p jvcc~,,,it V.t,"st Incoduiati1 ifor t0he
ndniruln reqtdreincnts'vehicle I's I,8cd/c

Aero22ýIn=%. Contr~ol

Figure 11 is plot of aryodpananlc pitch and rýoll c~ontrol power availkble
throu'ghout 2ie transition. Tese,- .,altws were baxnadr on a normnal aeredy~nanic

--nrlavialfaility of 0.4 rad/sec2 In pitch and I SE' rad/Acc 2 in roll at the
trn iin conpeto veoiy(l.,on ght) oi 240 feet per s nond EAF.

Aerodynminic ifft-to-wrefght ratio as a f-unctioa of t ausition velocil,: and.
angle of atakis sh own in Figure 115. ThIrd is basedI on, a lifttowgh ra0i
of 1.* 0 at the rcndpLýOun wingborne v'elocity of 240 f~rA per second EAS.

Trastion~eh~u

*The transition technique used for definin th vbe fghcnitonsfo
engine failure analyse3 is to rise vertically to the desired transftion, altitude.
Transition may be started at any altitude from grou~nd level-tb 5011 feet an-d may
be accomplished in level or ascen dhnt-flig.ht. -Cruise engine thrust is pointed
verdlcally at the start of transitiona.d is gi~dal oae otehrzna
direction at the completion of transition. The total thrust-to--weight ratio is

§initially 1. 0 (0. 5 for cruis e engines plus C1.5 for lift engines at the start of
transito) Cruise engine T/W Is maint.1ned constant through the trransitllol"
and lift rine flWigh coditioneds. rehied to tManintion sceutfri an thevdeslflgh
and liftenine fligh cniions deceaed VTO transitiomanin tc defri an theel fesired
transiti on is shown i n Figure 118.S

Based on the previously described minlimuirm requ~irements VTOL. vehicle
chaactritic, bunary ecpe cenditlorns wiere calculated for cruise and

I>lift engine failures at various check porits throughout. the transition en~velope..
The escape condition check points are shown,. in Figure 117 and are as follo.ws.-

Percent of "q"'
Veioit GJl1 equired For

Ft/-ec Knots bigorne Flifght

* 0 0 0. 0
85 50 12.. i

120 71 25. 0
170 100 5.
240 142 100.0
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Fiiyre 114. Aerodynamic Control Available During VTOL. Transit ion
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Figure 716. VTOL Vehicle' Tohnsiion Schedule
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For thi 85 fttlsec chack polu-tt; te 0:rmCnp ccý:lti~ ii~orawx iuac with_7
cruise eng-luethrust vector b'ein.11 returrucl to v(rtical, Cn v~~ .'1 ftil,

tomaintain t~he nsiarmruin- ~tciTWrto ~rtei~)fAc
ývelocity check pointai, A. wMas C arned that an cttcinpt t civdtc triasMAtfon
and continue to fly woul d b- IMad For thesc ,3u0Jem bnn t0. crc-i,,7 e~Kinc
thrust vectoýr was rotated to the boriz'ontiA dircction (vehkic--JbA. aqs) to pro-
V106 Maxi1murr. accelieration anid chiance of' vphicte reco-very. Fig-.ures 119, an~d 119
show the pitcha control eltille ti nv-st nodulatiocus engine th ruSt veco
angle, ar.d M gix 'bleed roil control mom-entgs ver~sus tm ~ollovwinf cruise manj -lift enigin( failures at 85 -/ce d, rIng' transitiont. Th'esoeurves are typical of
te data ci-velored for calculatilon ef the escapeý conditions for ea ch chcack pit

b. Escape Concept Effective~ness

To evaluate. the effectiveness of tdo various escape concepts for the
VTTOL hover aad transition flight regime., an escape cornceqpt cfficctivenss indehx
w-as establishled. The n-ethod devised for detlermining the rel'ative eff etivere3sa
of the escap.. concepets for eachý of 'the emergeoncy situations deflned in the p)-e-

the figure represent the loss of alitiude versus timne tor similar emerg-ency

situations originating at different altitudes (10C0 foot Iincrements) from zero to
500 feet. The altitude veisues time limit for seat or capsule separation,
required for successful recovlery, was established from special com'muta~tions

N based on the escape concept cr.onfigura tions defined In Section II These limits
were determined by computing, the altitude required for recovery for the
specific Ihori-xonta-l velocit, sink rate, pitch and roll ane odtnseiin
at varibus times followxing t-he start of an eniergency, The "escape initation

PUrequired" line deflines the points on the airplane versus timie curves '.-v.anre .r -'I escape must be initiated for successful recovery of the entire crow. The time
lag between initiation and sepairation takes into account pre.-ejection (or pre-.
separation) functions, and ejecticr: seqUencing requireraents for op-en and on-
capsulated ejection seats. The time Pilo-,,ance for prespeparation functI ons for
the capsufle system~s Is 0. 2 second. For the open ejectiou, eat con cn~, the
time required fromn initiation until the last seat clears the vehiele is 1. 06
seconds for the two-m-an vehicle and" 1. 56 secornds for the tree-man vfAicle.
For the encapsulated ejection seat' concept, 2. 15 seconds are rerquirtd for theI
two~man vehicle and 2. 65 6econds for the ti rce-man vehicle.

For the escape concept Oefetivoen s In~dex dcterminations it 14,1s
assumned that the VTOL emergency situationis (engino failurelf) might oc~cir at

Aany altitude 'from zero to 500 feet, a. nd that oscape may be initiabed at rny timie
from the start of the emergency to ground 1impct. Therefore,' the arcea to (he

* . left of the escape intitio lne (Fgr 2)reesents th altitude-tm pc
vi ~trumwhere initiatl~on would resuit in succcs-fiul escape. The area to the right
ci ~represents the unsuccessful escape initiation aa.The ratio of the successful

escape initiation area to the totall area podeaninde or t easure, of tine
relative effectiveness of the escape concepts.
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Fig•ures 128 through 158 show the eusCve s for c•,Cca cwncept effective-
ness index deternilnafions for the two-xuan veic,,LeJ,. ý ,io, Fi .. S 128. 129 and 1,0show the effective of the2 escape cone•'pts for the specIal maximu stability
(controlled flat attitude) case for any single engine failure situation as deftned
in Figure 112, ligures 131 through 138 show the effectiveness of the'escape
concepts lor the boundary :scape conditions for cr.ose. and lift engine failures
during bover Miht defined on Figure 120. Figures 139 through 144 show the
escape concept eff"ectiveness for cruise and lift engine- failure sit-uationis during
transition at 85 ft/see FAS as defined in Figurns 121 and 1.22. Fý igures 145
through 150 Ahow the escape concept effectiveness for crulse snd lift eninefailure situaftons at 120 ft/hicc transition velocity as defined in Figures 123 and124. Figures 151 through 156 show the escape concept effzctivenes" for the
engine failure sItuations at 170 ft/sec as defined on Figures 125 and U6.

The esca e concept effectiveness Index versus transit ion Valo is
shown for each escape concept for two -nan satbsonic VTOL vehicle cruise
engne failures In Figure 157, and for lift enginer failures in Figure 35,. These
graphs also show the mean eff•ctiveness index for the entire YTOL transition
envelope for each concept.

Figures 159 through 189 present the escape concept effectiveness data
for VTOL hover and transition engine failure situations for the three-man

* combined capability vehicle.

Table VIIM summarizes the escpne concept effectiveness data for both
vehicles.

c. Automatic Detection and ifntiation Evaluation
During VTOL hover mad tanpisition flight, the time requircd f( r the

pilot to detect and verify an emergency situation, make the decision to initiateg :Iescape, and actuate the escape control is a criti.cal function of the escape pro-
tess. To evaluate the need for, or benefits of, an automatic or senrnautotnatic
demergency detection and escape initiation system, an analysis was rnrde to
determine the probability of escape initiation in time for successful escape
during hover and transition flight emergencies for manual and for semiautomatic
initiation..

To provide a basis for the analysis, normal distribution cur-ves for
escape Initiation, relative to time from the start of an emergency situation,
-were constructed. Figures 190 and 191 show the estimated normal distcibution
curves for manual and semiautomatic detection and initiation,

Human engineering data relative4o the time required for detection,
decision, and reaction that are directly applicable to the escape problem are

-" * not available. However, data from References 1, 2, and 3 were compiled and

157

-- , : • _ - . .-. -- - . ,.- -- " -.- - - -. -_. - -

r



ueed as a basis for devel' uni nemlc-n V"' ~ '~r'

are beliee c o a oo.Pie ae of V
lhe POSSI-1ity of L-en V) soril's de"opimstc 6, 1te .) c5 ,-

for persomal equipment (i e. , pressure sufts, go.ve;s, rcsria on e~

For the inanua1 teeti-O3 and infitiation case, t~he pile1t kv,1, v-v
normal Instru Rast oior airplane subfyte Mn yte ls'
cautioni and masterl waniing, lig4 After an Ii"ial idicatio of h 'able, t-le
pilot would be required to rnake an nihergoncy scan of subsyster. cU2aphinys fand
airplane flight con~ditions, make rauhi le. assessmreAt, and' the decision 'to
eject, Table DC lists mean times7, ranges, mnd standard deviations for the

T various response and reaction elements, along with the combined times thatH were uised in defining the normal distribution curveo
The semiautomatic system, status assessment, logic, dlecision, and

"eject" display to the pilot is conmputterized and fully automnatic. The pilot Is
*trained and conditioned to have f; 11 confide nce in the syste nd nuproae I
near-~conditioned refle -Y scape Initia-tio prformance. T1he p-1lot mnu ally
initiates ejection onl~y. Table. X\ lists the time daita and baaio for tu-orm'a
distribution curve of Figuire 191.

r ~The t-tro-man subSonic VTOL vehicle openi elect-Ion ser-t.s and cookpit
pod capsule escape conepts wiere slcte sabsso e uo tcdtc
tion an~d initiation evalualtion. The escape co.ndif~ons were cunsldered- to be
those defined in Figures 120 through 1266 for cruise axid lif"t engine failure
situations occurring at diffferent points in the trarsition envelope fromn hover
to 240 ft/aec EAS wingborne flight, and from ground& level to 5ý00 feet.

ýV Fgur 19 ilustate he ethd ueilfordetriniingtheproebAI~t
of escape initiation in time foT' iuccessf'jl rec,)very relative to the vehicle

etiud atth strtof the emergency -situatienl.- This ,particular example is for
thie two-man vehicle cockpit pod capsule for escape following a cruise enlgine
failure during transition at C-15 ft/sec EAS, and corres-ponds to the condiltions

shown in Figure 141. The airp~lane altitude lines (Figi re 192) indicate the loas
of altitude with tim-e from the start of emergency sltuzatloos originating ataltitudesfrmgonleeto50fe(i 0-eo ,rxns)
tions of the airplane altitude lines -with the cacape initiaticni line. indicates the
time allowable for initiatio of succesflecp o ah rgntn liu
situation. The probability that. escape will he hiRItated in fnime to be amwoessful
is determined by taking the ratio of the area under the ezeape inititAtion normal I
distribution curve to the left, of the safe escap hic Hse Lns o h oa
area under the Curve.

Utilizing a digttalx comtputer prga nov ng:n erir1 inertOn

procedures, the probability of successful escope, initl~ti~or versus altitude at,
start of the emergency was determined for each escape concept anid emer-gency

situation for manual and semiautomatic initiation, These data were deter:Wined]

85, 12 0, 17 0, and 240 f/ee, and are shown plotted for the'two-nin vehicler
open ejection seats for cruise engine failures in Figaire 193, and for lift engineVfailures in Figure .194. Figures 195 and 195 sho-w. the curves for the two-man
vehicle cockpit pod capsule escape concept.
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Probability off Su c-s
A Escape Thitilatioil

60eniatutomaticTWO-MAN SUBSONXI Ilanual Initiation. Initiation

VTOL VEHICILE Cruise Lift Cruise Lift
Engine Engine Engine EngineFailure Failure Aý. a'ilur aueAv
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2. CON VENTIONAL TAK1EOFF A LATD M G

a. Escape Conditions
Toe te the eh eht.ve. eff veeqaS uf the various escape concOtsp.

far emergencie• that might occur during conventiona takeonfsed la-n-ding,
certain rorccsentatlve emerge.ncy flight conitionr s were established. Figuresti 201 through 204 define the escape situations in terms of OW hde above the
terrain, velocity, and flight path (descent angle) versus tine foil owing the
Msart of the emergency situation. For this study, the emergency i'dluationa
svere considered to start at any altitude from ground leve! to 500 feet, and the
.vel•le velocity was considered to be 250 ft/sec at the start of tlhe emergency
lo ot all cases. The emergency flight conditions range from level flight to a
maximum vehicle aerodynamic pushover capability of -0.6g. The conditiorns
defined on the figures are for -0. Og, -0. Ig ¶0. 4g, and +0. Sg pushovers.

b. Escape Cone-pt Effectiveness

The four-nian supersonic low-altifude dash vehicle was used as a
basis for evaluating and corntpan•g the eff ,nti-,veness of open ejeetlen .,.eats,Sencapsulated ejectlon seats, cockpit pod, anC ueparable no-se capsule esca..
concepts for the conventional takeoff and Landing flight :eeglme. Figures 205
through 220 show the capabilbties of the escape concepts with rerpeot to the
emergency flight conditions defined in Figures 201 through 204. The escape .
capabilities were computed based on the escape system confiflirations
described in Section I11. The time required for preseparation functions' and
sequencing requirements (see Figure 127) for the four-man vehicle is 0.2
seconds for the cockplt pod and separable nose capsule concepts. For the
open ejection seat concept, 2.06 seconds Is required from initiation until tks[
fourth crewman clears the vehicle. For the encapsulated ejection seat concept

15 seconds is required.

Escape concept effectiven'ess Indexes were determined for eacb of the
flight conditions and escape concepts. The method of analysis is the same as
shown In Fligue 127 and described in Sect~on V.1.1 JFig re 221 is, a plot of
the resuilts of the analysis and shows, for each ere4pe cooncept, the esc eap
effectiveness index versus Pushover normal load fiatotr (n). Also shomn on the
figure Is the meam escape effectivreoss index for th£ ente koofi and ladi.ng
etnergency flight regime for each concept.

o. AuVomratic Detection and inliatOln Evu'ahu•oon
,For insght into the possible need for, or licnefits of, autcmatc Or

semiautomatic emergency detection and escape finitiaton In the t le d
landing flight regime, a spital analyass waN madeo. For each ems :gency
situation defined in F'li gres 201 through 204, the time allowable after the start
"of the emergency siftiation, during which escape fuitlatin would result in sue-
cessful recovery of the entire crew, was compared \vith the time required forii; ~the pilot to manually detect and Initiate escape- to determine Ow: proba•:!l"ty, ofsuccessfu' escape for manual Initiation. The proabality of escape initation in

In, 20-
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cI rput.nized; the pil's, fW-et1eni 5fl -iyt ctjt6t-' ctc'

Normal distxibuti u cunrve7 for es, ovpo fidttai on. relativeý to tim.ne a r C
shown In Fi& ires 190 and 191, Thie meOhod cf tari A~r tie probý.9)1 G

uemssf ul es ape Initation fo-7 ea ch emergpue.y eltuation If, t~he sa re a s
described In J3ectlon V.I.e0 and In Figure 192.

The proba-bilities of successful escbape relativ to attd bv h
terrain- at the start of the ernergcncy,ý wer-e deterpained (based on d~ata iron,
shw lte nFigures 222 thrud 223) for tefu-manuaelol opnd e - cti .utcnnatl iri.iad.ion.1
pod capsule concepts for eac-h emergency pushover situatio-n. These data are

From the data shown on FigureF,222and0223, the &r~ rbblte

for the toa alitd rge (0o 560 foot) were deter-,nmied for eiadh g pIshover
condition.Fiurs24ad25hothpoailtof cesn ee
versus pushover load factor for nianu,' a] an d seiuoai nt i~nfor o'pzen
ejection seats Lad eol i od capsules. Also shown is lhe, average or ora-rallhtotal Probability of succe ssful escape inilntion for the entire take'off 'aiid laaudirg

emergency spectrum de-fined . .

77.
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• .:.:: 3. LOWAfrITIID DA...SH• ?:i:•

V ika Fmight exst flight siu'ations, representati-vre of the esea. e c-n... flc .t
.that might exist during low-dtltude dash, were estaished as a basin, fos-v ealuation arA corn~paýrlson of the-effbotivenzess of t~he various, esaca ps c o n cep so

For these analyses, the Iow-altitude dash fYight regime vvaJ consIdere+d
to range from 200 to 500 feet abnve the terrain &ad to encominpass 'a sed rctrge:
from Mach 0. 9 to 1.2. Emcrg-ncy flight eE0ditions with respect! to airplane..
-velocity, altitude, ad descent angle were computed fox various situations from
level flight to a maximum pushover structuzal limit of -3.0g. Figures 226
227, and 228 show the low-altitude delas emergency flight coniins for., +1. 0 -S(level flight), 0g, -1.Og, -2.Og, and -3. Og pus overs for Initial alrplane speeds
of Mach 0.9, 1.1, and 1.2, respectively. . •

b. Escape Concept Eifectiveness

Esca pe concept effectiveness mu wly';es were accon-ipl~e o
three-man combined capabhity, vehicle and the fourf.-n super.,nv, low-

Satitude das.h veucle. Effectiv-eness indexes were cletermined for -eah 4s-•c - -
concept relative to each of the norm l load factor. pushover g and veloclL7 situ-
ations defhined on Figulres 226, 227. and 22-8. To obtain a mean ov,.dh ef.ee-'
tiveness Index for each concept, IntegTraton' procedures involving tao ule of
digital computers are used to sum and average the escape concetpt cffective-
ness indexes throughout the low-altitude dasch speed and altitude CL-ht -IegMne
and range of pushover g's.

The method of determinig t escape ciAwcept effectiveness index for
ech flight condition is simila tota-soninFgre 127 anld dabdi

Seftions V.1.b andV.2. b.

Figures 229 th 28P show data pertaIning tV escape concept effe-
tiveness deterrdnations for the ,hree-man combined ca')ability vehicle. Fig-

' tir-es 229 through 244 show the escape concept e-abiil.ies relative to eiergcn,
situations orlginating at altitudes be-tween 200 and 500 feet and Mach 0.9, as
defined in Figure 226, Figlures 245 through 260 show the escape, concept caila-
bilities for escape conditions at Mach 1. 1 aq- deBfined in Figure 227. Figu-es
261 through 276 show the escape capability data for the conditions at Much 1.2,
as defined in Figure 228. For these figurres', , escape c ',Icept capabiliy-ty data
fromn Sectioi Hi were used to define the altitude versus time limit fox sec•aration
of the seats or capsules required for sucesfui recovery (see igure 27). c F

Escape initiation lines were counstruted. by t-,,ng into account the tpie rcquirc-d-'.
for preseperation and seque-ocing rcqu!remcnts. Thlese arc: 0 2 second for
the c•cltit pod and separable nos capsule concepts; 1156 seconds for h-a

*"ejection seat concept; and 2.05 seconds for the encapsulated ejeccion seat Cc0,-
cept. The longer times for the open seats anA encapsulated seats are prime r-
fly due to ejection sequencing required for al three of the crewmembers to
clear the aircraft.'
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1lgt'es 277, 278, and 279 show- the esca -pe colicep effeiev*elrndup:cs'
as dte rmineda fro6-_a thec d a t of Figures 229 throufp' 276 10 0ot0ed ve ras 3r"rL ZZ G

pu~hover 16'ui factor for 111-clh 0.9, IA, and 1 2. FigvZ6 28,0 s~how, j F pk-ot C'f the1I
mean eFscpe crncept effectliven ss kuexes' v6ru,.Mach ~~ ~ic~fcnI
suMningr and a"varaing data for f' e copet n opsovrgfor4 o
-3. Gg *rom F gitu-es 277 ý 27 3, iud 27,01 AISC lietc' o1n the fig-Ure to the mpc_ýinl
over all el'f activeness inderx for each ese ape concept for the en ti 0e alowai lwiue
dash flight regime. This keý obtained l~y summ'ing mid av.arag ama the off ettT.renszas
index data on the figure for the complete Mlach number rangelfrow. C.* 9 to 1. 2.

This. analysis was accompllsh,3ý on the basis of the escape concepts?
capbiitesto rilcover the ý,rewmemb6r prior to ground impact, For the open

e-etion seat c.>.iccpt, the- mean overali effectiveness ide litd nFiUre 265
~ }has been reduced by the factor 0. 175 to a,ýoount for its reduced capability at'high
Sispeed due to aeceleration, vwinOblast, andI flailing fatalities (see Sectioii V. 4).

Figures 281 throughi 332 pre-sent data pertaining to the escape concept
effectiveness miallysis for the four-man supersonie~dash vehicle. The method of
analysis and sequence of dat pesentation is the vamie as described for the three
man vehicle. Hlowever, for the four-man vehicle the timne required for pro-
eajedtilon and sequencing requirements is 2.013 seconds for open ejection seats
and 3.15 seconds for encapsulated ejection seats.

The mean overall eLfectlvenesq i S~s f-or each escape conocept for

the low-altitude dagh flVigt regime are sum marlineA in Table X11 for both the

Tabe M Llw Atitde ~qh'RehnýEscape Concept Effectivaness Swzi.nary

Low Altitude Dash Escape Effecti-.eneses 1adex
Escape Concept Tr-mnVhceFour-mar.ne Al

O Cpen eection.Seats. C058 0.042

Encapsulated Ejection Seats 0.22 I 017
Cocki Pod Capsule .980.928

1Se~able Nose Capsule 0.9 C-ý60 9*

c. Automatic Detection aqnd Initiation L'valuation

For emergencies occurrI,,- dUr-ing hig'h-speed low-altitude dazh the
time available for the pilot to dete-ct and verify the eaniergen~cy F-ituavion, make
the decision to initiate escape, a~d to actulat Y.~cp otrli xrml
criticAl. This section presents, the results of an ana~iy~sl to determline the
probability of escape initiation in time for successful. recovery of the Crew for
manual detection and initiation and for, temiantomatic detection, and initiation.
Thus, the'need for or benefits of automatic or aekt'xtcsystunms may be
assessed,
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HI -L e -- .. V

open ejecýt .o; seatr, refrer~'~ at~ V, " - ~ tc", of 8.S 03~ *

* mkots 'CAS} 16 the thren;hold of Vea nuy hcr'over,~ Is-. at leas'. one Cýa, -'o 'Ch
* .has been survival at 9.56 psi (640 k;ýnffot F'AM 1, Fingis teCenlr to C I- Otc r&cn;J

* contrIbutIng, cause of high sp eefd ejection falties; hwever, Irtra r"
damiage fLoan, c-rush type ch'e-st IiUnium s , clue to cccprccmu,
a possible cause of fatalities In extremely IAhiglwc 1 ejctions".Fw>r

data5 it wras concluded that all open e~iect'on seat with w" Improve,: rp-,ýtra~i 1*
System would probably result In a, 40 parcert windblaaft fatal-irty rat~e for e~ eaýtlnuz
between 600 and 650 knots EAS. F'urther, then rapid onset of withidllain' 1UIGtIC-S

-,as speeds in-crease above 600 Icmots indica tes that, eun. Jid wi~ll be yexy un~hily
at speeds above 650 knots. 1

In reg-ard to g-force injuries, it Is noted fromn theý eacaneFtp system-A perfr-
manse computations (Seedion ITI) tbat g-forcca for theý, openm electiona eae-.4 t expce ed
allowable humnan toleran'on limits for eJections above, 60, knkot s. Hoeve, wlr&-
blast is morle cr1i1ical an mis the govsrng fatoer.

For tMe encapim-atcd seavt, cockpitf Pod cap'TsIle, Pand eP.ýYarable noce ausu
colncepts, the. crewmred- will b - rtoctcd fromn the efi-fects of wi".adhiat and the
computed g-forces do not exceed alloy ,,able human tolersiftce limits; for scn
at the maximwum eqalvalent airspecd capability of the vebici jSTableXL{

vaious hesciaped proba bilitlles of successfil escap rt of :,thehh ped fr.Jen
*a iou esapeconcepts. Table XIV lists the peerccn~arre o -b - n

velope (,600 to 800 KNE. 8), for each ve'ttcie and- escape concept In wh-ich thze
crwmn il b potctd ro atal injury due to wind blast.

table XIII. Escape Conctept Capa'bilities with Respect to Air'speed

Pro~xbbit of~ So :,vlal J
Eqiravalent. OPe EnIcrqm I
Airspeed, Ejection {_utate' i OCtý{-Lj Noenp.absie I

,.1Knots Po Capso

O to 599 1. .0 1 .1.0

60 to 649 0.6 1.0 C 1.010

650 t~o 091. 10 1 . 0

V00 to 80G 0.0 1.01.

-. -,-2,84'



Tabl- XI'V. I'r- ýtý" 11 'h t,~ ne.~ ~~ by VOir!OY5

Pec-,fg of 11igh Fqqecl Envelope0 'tet,

E -,ape Concept VTOL Vehlele t~ ICP
Open Ejection Seat Not applicable 1.percent

Encapsulated Ejecti.on Seat' Not applicable 100 percent

eprbeNose Cap~iule.

ýThe primary requirements for high altitude escape are pressurization
protection, low temperatuire protection, provision for a bricathable atraosphere,7
Initial escape system stability, and free fall stabiity. Each of the- escape
concepts sas.defired in Secetion, Mf have Vi~e pot enttal of provriding h~attd
azii free--fall stability.. Hb-ievsr, due to rocket plu~ne effecdts In a rareafied
atmosphere,' advanced deývelupment in thLs area;:1s indlica ted.

Concernin.r. rzý- Tpraue an vie- b tm e mosd ýneylfcts

A degradation of crew conifoin. and efficiency results. For the two-m-an subsoric
VTOL vehicle, for which the altitude envelope does not s~ceed 50, 000 feet,,
pressurization will not be required, Howrever, for the open ejection seat concept,
ox-ygen mask, and pressure breathing provisions w ill be rpqu~red. Table XV
lists the estimated relative high altitude' escape ca-pability of evAc escape conceptI
with respect to the performanc envoleopes of each vehicle-

Tab!. XV. High Aftiudeý Esccrlo Indoxj

_ _ -g AFstde Esape Ind X1

I Thr~ee- man Combined
z Cipntbilitv Vehicle andi

Twoa-man Subsonic Ft yr-rman fSuperaonlc

/ /Open Ejection Seats 09.10.80
Enaap ulated Zjectio! et 0.93 108
Cockpit Pod Capsule 1.01.
Separable N s6e Capsule L.0 1.0

(23 LANKý



'ins evauto andý- rnle2c of t;"! opld e~rcow~
)Ptz~' of flutfure adyteec win I v airccru rolc lw'cr'

Survival canabhuy tv o' Itenandls~xa foml hsA N -&_'

reliab~illity and mna,1ntahnnbiAly; escnrfpr.&tc wegh p4 c -P"
and rnsnufachtuing cozsta;;th,-el bJth of the tilý ze repureod. Io CV :-j V.
developmlnental risk on, the avaiM.labtyj of the ettoape V toyse; C- d I.8a'
volume required to accomdt ecpe syztemeoorM Xýi'. v

* ~~side t6e OTrVJ Oonlt n nt on ierl axplawt ý3Lt n rfýr-n;a
of e,-cape, syst~em,. cockpit layout requirements;,1L v1ision p, 'r C~}t
Pressure ruitad arti clotbling requirooementt-, &et; n ~~ r~

ments on shirti. tve enviromnmet auc)Nmw coimfort and lfuc
effect of escape systemd hatch (caen pre'euewt %tcj, C?

landing protection provkgm n diionsl aewmeners bhoad (dt!ýe'ut w"ae'~n'

systemis) and of p &ltective enacumbrances on oreraillce fiighcx ecfc;IY

Examination- of th1rlaio hp betwvee th Vais fate reVl ta
all the pertinent co.le~lm ybe expressed"( in tact-Ic of 'seve-, nin j-r-
trade factors. Figutre 347list th major factors, aloc wit te cc iertiln
of each.

At The following agsof thI S fed stmraS n't ("a, n Thý, e, pre~~v '"p
sections of', tlhe report and provi~de dii&ldaprann to fxale-C'

factor.: o ahtaj atrýleO~u szx - , Ik tet'str ako e
wvith respect to Its, at IML iit to the' two-rumz swbao.uc VTOL vC-ehieb tHe
three-man combined capability vehicle, and the four-mar n asuerýýnic low-

4 altitude dash vehicle.

The method of ranwk-ordering is co rat te ost 2 suital ocewt at 1. 0.UThe remaining orncept-s are razted c tsan 1.0 Cdapee aa p.rex-ntage
degradation of the best. -7

l1' 8-
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[a., ifflight Escape CapAl Ii.y

1Surramarized0 in Table, Xvi *:re dAa taro'".n Section V to, the,
effectiveness of the ec*-apc concepts" to -provide 'safe cS'JaTn frcrt-ý disaahIndAr-
craft ~V~titn~p'ect to op-eratfions. vithlin ceitZair, critical fiyh~t ge-;Tnes for cach
of tile' ehle sye con e.dered. The flight regý,imes ard VTOL hover and
tidnsttlon; conventqechal takeoff and landing, lewý--altltude dkash, a'd M 11-ýSpezd
and altVA-ide. The escape concept llfcivnsiudexe,. m riare 'sk onerod within
cacti flgt, regime to0 peovi~de a basiis for, evaluation. Rnd seicotion'of the- most
mi ale concept for spec, fC. vehicles

b. Survival After landinglCapability

To orotect the crewman following an inflight escape resualtirg In at
urvval'situaton 0A, ia r water, the esca-pe, system ust keep the sa. rivor

afloat, prote ct him f roma Iwrrm~a extremnes, provide e-mergency rations
and a mrefuis of obtaining food anid water, provide equiprment and clot-hing to
Maintain the. surv,.ivor in good physical and mnental condition, prov-Ide a means
for assis~ting the survivor in, taking evasive measures to prevent captuire by the'
ýenemy, and provide communication and sigmrallin,; devices to facilitate location
and rescue., Further, the escape system. shroul protect the crewmran from
injury that would tend to reduce his chance of su'rirval dureing 12anding impact.

Review of USAF' survival experience (19,58 through 1983; Ber.5
reveals that apprioxim-tel 10 percent of the e rewmmen involved in lino07U sUr-
v-Nval sitt~ations did iiot sur~vive. :ýQf these, approximanitely 77 p e rce nt o ,f theK

fatailites occur foliowiirg landings on- water, 15 percent olwnglanding-s
-on snowr or ice, and 8 percent following landings on land. Due to the period
of time covered, this data generally will be arplicabe to the open ejection
seat, escape concept. Cockpit pod and separable nose capsules will provide
better protection against drowning (the major cause of wpter landing fatalities);
better protection against exposure; will provide a greatei qu-antity of siirvival
equipthent; v.ill provide superior comminication and location aids and 'arc more,
zeadily visible,' which w~ill aid in search sand rescue; will. provide, impact attcnu-

* ation, reducing the chance of landing Injuries; and will allow mutual, assis-tan~ce
between crewmembers.

It is esti-mated .,hat the casule systemns could prevent 90 percent of
the watcor landing fatalities,'70 perceat of the snow. and ice landfing fatldities,

and50 erentofthe land landing fatalities associated with openi ejection seat,
usage. .- I-

The encapsulated ejection seat provides better protection tha.n the
open E~eat, but is inferior tocthe capscle concepts. The cs-tlm~tcd fatality rate
for the encapsulated seat is 50 percent of the open'ejection seat rate..

Table XVII presen ts estimated relative fatality rate comparisons for
critica su-vlstato adrn-orders the escape conc6epts with respect
to survival capability.
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~ww - o"rfa2 ¶uru%?ted EA.4cfor 8 at S. 5r 1. .. .

Searbl NseCasue 7 7~ 5 4.0. 16 2 1

c. Escape Concept Reliabilitv

Thle: rlia1tlity of art tscr-e systen;-,ý ta fomi Then, as der-,goed snmry P
deedntn"the Intrearity of the particotohr 66, u,, te et0. d .

and qalitcatlon et' to t,.htl' the syotem a noijjed, levlc
trol du'rir,17 ni etre, I.evel of maneac p~eeandsin-olieny 1,nd

mainiafisbility of the Jr sicý concept.

* In evaluating the reliability of project-ed esclape conicep ts it is pre-

05 ~~sumed th-.at equal'effort and skill will be expended toward design., developynent,

escape concepts as opposed to spencific, syst einn des ig~ns is3, therefore., ch-1 -efly -

afunction of concept sirnplicitM n uric!xnntain~abfiity. To evaluate the relativer1mplicity or comnplexitY of the vaiuJcne
k.,otions requited by ef oh conicept to completeC the escape sequence was Conl-
sidered., The essential escape sequoifee Panotions were based on- the concep)t
definitions from Secti'on 111 and0 are a's Ifollo-wG:

Open Ejection Seat Coheenpt

a Initiation'
e Torso poJitioning '

* Hatch jettison¾ . Rocket catatpultejection~
a DAR T stabilization

* Drogue chuate d-ploym-ent 1
o Personnel barness relczs
* Recovery parachu..edpnnt

* Seat-mfan 'separation
* Ejection sequencing functt~ons'
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+?+ ~ ~ Rcket+ cdc-wIt .. .toil...;;;:.

->. j , • • :Stabilization booms deplofyed- ,-<. "'-';- - .

!.':i~ ~ i S ts~ilization chute d-;seeloyd .% ""
R lcovery p(U'.chute dtployed''"

S- e Re.,es.parapfhute disreefed- .. '"" . :".. . "

oe Tor, very

i • -;b yynpact system ,de.played -. """..

.• • .E~~B e ction , !ýqe n 0. • fh n -- ,. -,-

*C n~ci -ehNose

,Cockpit PoC. n it xvetaeos

* St-ebtllat n booms edrployed

0 StabliizatlOa. chzum, dsploy.

•~ ~ ~ ý "" e ,apsae/vehic' sep ration-m. ._

" Stabilization chutes disreefed

* eoiy parachutes deployOd a

* Rceicr para hu~tes disreefed

:... ® ~.Capsule rerjositlonfin .ý :.! .:>i:•ii;:" ..:.. rnpact system deployed

. ,;Comparisonl of thae essential escape kint•_.,ions, . ., com~plexity. wiad m~nd.r,.* -Ejibilieityof the opein ejectionseat and encapsul!ted ejection seat concepts
Coindicate Podt ie eicpp:uaaed ejection seat wil be to Neodse lesap rsulesl

i~~:. . .than the op Ien ej Ie Ietion seat eoncepC '.The enicapiulated- seat concept recjralres ".- •.•

*h Intatdibonalfmfol i ert~~ n-pwai~,o orco-ue

catapul firing trib.omer adcteaiony stabilization booem dw.flo sb - I

,an Stabilizatton chutes deployedste

FunCtionCsrequired by theropen set which are not roqunred by te emkcapsu.atca•d

_r Roke thrusa nn apr

*seat are DART stabilization, pessomel hardiesse relfesda-d sr -7. r

i! : tiom Torso stionirg, requ.1red by both systms GrL Cmme e ... e:{ fo r the .encapuat at because te entire seat bucket pro*ml.thr v.will h-•.ve to posCr ton
Solrd .... of th:arl o f thel body .B-70 type' ec p a von comp.- ,leiy ad maIn-

'::+ i ." "-: ;access to1'fiiY• cont~rols and eq4aimmnet durling pznomml Piip•1:ht to.-d Is r C-tanated •i
Into ta e a lty thell for ejection, The encapstustedd ejerton seat as cone•pdt

A+, .: ind icteon Ih requireb" Wn o suparabemotions by the ptiot to nedtieate escape.
--These open e)ratsin sthe c•ndgrc which closen s tnd p testuoizes the. reqires

el dd(required for emergency pressurzation when eat ateio not dr andatcyo)ue

and 2t squeezing the ractuat ioiger for aii aat ejee i This Introduces antabiliz

additional hrmn elemend Inyth thp e seape Seqwena e and cou ld result In asulat

sienificant decDeaset In esciapi relia-elty. harnhers s ue to rhe aaddics tioal corn-
nt"eo the cl ncapsulated ejoction Tet e ncapulate majionce eraors that wold-.

IndSection IffeII s relqabieistoe are more p.ilo o i t e .. .

ascii-' (requ.red for ... .-. emrgnc presuizaio whe es -is not " madaor) " '-..

.adversely, affects yteme 1

.. 7



Cockpit po~d and,- sepotli flt.(Y apsl , 0;¶K~ rer*avr
n amy of g-ucraily rnter'e eonriz;Lntos o $2L0t-OtO4I0tct~

aiid rellalle funteioning ff to tTi stbltatlo' hr;. -tw ip t'" 14

mul.1tiple inain rcCOV0eiw XA parchte Sw~hderAtr ytnrhbxy
as orppsca to the single re'ovey,- parachlute. fo-r 'ArQc r st-st't

th apsule conoeep~s rctiuire c~ap;oule repositionnn' 1uv arling
deploymnent which are not req fred by th.e open. eqecuton týseat cocp.,ucin

* . requir'ed by the ejection seat condeet'and not required by the capsule concepv;
are hatc jtsoning, DARThtl setstabilzcat~ion,L harne ss release,, and coat-nibn

separation, Also, ejcion sequencing fnctiosaerqirdtrvn
rockot-catapult; blast injuries anid, to reduce the possibility oft seat collisionis
or parachu'te entanglemcent.

Du ocninual use and exposure of ejeectien seat s.ystems to fight
* . crewsaad ground personnel, these: system s are, more vulnea tociial

functioning of ej Ictio il seat s ticins is Aepe-nds'nt on. proper, "hoo kup"bligh
personinel. Casule systemi compoL)ents wvill no-t be, exposed, and once instale
wll require wnn :Inal minltenane

.~ . lthughthe3 capsule cocpt re bsi al ore complex tn-han the
op-en e~ctm seat concepts, th ey are cons-idered slightly rnore, reliabl du to]

terhigher de-6of mitnalty, and bvueeeto et r unr

P~sliltýofparachute entanglement.

To provide a basis for estimating reliability of each escape concept,]
USiF ejection experience fromiJnjr ,6 to Decan. er 1968 (R-ef. 6) was

taresulted in fatalities by violent contact with the ground. Table XVIII lists
tenumbers of personneinvlvdndcueofgud impr'act fatalities. Of
01ejections, 100 were' fatal and 73 of the fatalities w~ere caused by violent

contact with the ground.
Y11111II. FaC!OrsN Confflb'flIh 1c Ground Is. adc Fafal ifi 3i

', syste 30

I..* ~Delayed decision to' ejet1
Held onto seat actualing centr'olsa

Equipment faiiure/4i1±icuity .9

. .Failed to use available e~quipmnent 8

. .Seat./chu~te entanglement 3[Miscellaneous 2
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conceocptR~l{i~ &~ilL_

*.. Open ejection seat 'C 98 0. 9 :15
*Encapsulated ej ection, sEa0.750
*Cockpit pod capsule.0.6i . 1

Senarable nose nnv~t 0.~ 1

* 2.. COST

dollars, 30 ont is' deve,6lnwmnt tl-me of tlhe first"30m -J "Iiii1 atel, U t. of c tin-g
tes t recordin eqiet zsc es t sa~ t-Ac.,i fr lu prornto liear athe asswiiption that each test program, w,3l1 be part of the airp1wic 100uclo
ýprogram. The dev elopment and qualification proggrarns used asL a basis for
these cost estimates are defined in Sectilon IV.

Ra.nk 6rder
Vehicle Concept Dv/Ual costs Rating

Twoma subsconi c VTO 01QES 2, 1441'f)`! 1. 00o L
E ES 10, 151, 2583 - 0211
CIPC 16,000), 9 69 0.134

_____ 17,058,278 0. 123

Four-man superson c ds h QES 3,60,2
EES 11, 678, 412 0.39

Three-man comabined Capa)_Jiift L jOE10Sj.2
E S 10,6401801 0. 245

1*~ . .294
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W , FGa .xv 'jtc; E 1 ZA M
Table X0I sl~ tc f~ ~ ~ ~~'-

Section Mi., Thet,`ý Vw ¶ ~*or wcj *r 7 --
and proteoctlon. SysUýInni _

* Of Crow wfth nor Cltbin-" 'and oc~m.c~atwe~~;~ '>c~"ci
The actual welgh!. pn,,Jir~t B's i "t c~ finu. ~ a

ytm ould be sa'11 tantus4iy rtiore tl~qo t, y:; Irva ýýin bare~t are
xvilght becue. of to,~ rn iltoa of r- ev CV.."I r~i~~4' t and

Pair~ae mission ccg cd~ation, w~hich, In to rn, %wlI d bte r 9e. ej !11 6os t i.T"-

S nexample, it Would be expect d that the relatel r¶yŽcp
system hardwairo in the cockpit pVid capsule w'ould c:3IC mlee sonedgadqt1on i
mission performance.Ifti iso ýidtnf, kcealt ,

4additional fuel,,,'11 bereuied Crr ingm re gue wirll nirrefated larger
Vfacl tanks (hoflCe rnorz strutr n agrladn a) nrm

needed to mneet takof reuIrement, etc., and, conscquently, increased Costs.
T Te ec pe astern hardw;ýarp weig'hts ta Tpble XXI.fe, sevasbe-

linle data to use as a gumide bn est;.atn g the- offect on pdrcaf erorane
Utr. Le re, ar £1cost. The iakrer tnlitdmTae waotA~e

* b r~~tlL g fo' I gi en vicle, the Wei-,'t of the lightsUcM p sy-stem to'
ffha othcr escape syste msi This proc-ndurc resul~ts in tho xithtest weiglht systemll
receiving a rank-order r~thtjwr of 1. 0 and tlhe. heavier sy8stea..s reczilring aramk-
order rating between 0 arild 1. 0~i~th the eiaviest system, hay 'rq the smallest

p.- rank-order rating.

I Table xxI. Weigh pe'01fy:

A ES E ES ___ __ __

Rank R~ak- Hank- \ Rank-Order Order Order Order
Lb Rating Lb Rating Lb Rating Lb' Ratn

art-man Subs ,onic 392 'l1. 0 12 38 0 .3317 18 .4 02 0 9

3-rean Combind 58 101b .3i7 H 209 0.209 3634 0.166
4-man DASH 784 1.0 240 . 31 6137' 0.220 6488 0. 121

* 4. VOLUMlEPENALTY
Tale)~ shws the volume penaltie inure binorporating on ecp

* system. These penalties result from vehicle enl~arncents required to ac-
commodate the escape. system. Dcfining volume penalty in -this manner isconsidered to 'be m ore mneanýIngfril than1 mrely summinig. the lmso sae
systemn componients, becern mrets e an ipre 11.I cockxutt Volume re'suJts in addi-
tional airplane wetted area and structure. -Thjis causes the. weight and drag to

*increase, which, in turn, * causes aircr-aft. performance degt'adation and cost
*increase. Elimination of the performotice degradailoen may t accompliShed

*by prvdn more fuel, greater engine thrust, etc. , Which increases weight
*and cest..

'295

.



The cost incrcas6'resoltincg froml the volumepn alt Maskirz to 0"n,
resulting fromn the weighat pcnalty. Ho~ein oecmse tlhe efCe is h11

rf: ult of eseq.pe systom eiiht W11ý6ro in the6 othebr czTe~<t hV~esult of the coclepit voleuuencrese .euie oancodaeth y_
(Irrerspective of the sya01twelget,

TleX In, vou t ic p~alties are braed, On theC fou -man ; pr S on, 1
* ash vehicle values for which a dettailed 6tudy was iade., T epenaties for

the two- and four-raan vehi cles we re astImated from the four-wap ve-hi.cle

values.

SIThe volume penalties for, openl ejection seats ok. enfeap~ula'e'd ejpectlon
seats in the three-in '- vehicles Nere estimated to be the same as tt~e fou man
vehicle6. The reasoning behind this is: 1) the airpl~ane fuselage cross-stcction
at, the pilots' station murit b.e enlarged to accommnodate the seats (thlo cross-
sectional enlarge~ment is not'dependent upon whether or not addition al seats
are behind the pilats); and 2) the' extra lengeth requIred in the &clckpft is
attributed pimarily to thie side'view dimer &o of the seasadtefo,
does not depend on w~hether or not a fourth inan is positioned, beside the third
man. The volume penalties for the cockpit podl capsule or separable, nosle
capsule for the three~-man vehicle were, estimated to be slightly less than. for
the four--man vehicle be buse for these esca,'ýpe sygtemns thle vollume pe:7nalty
depends primarily on roclket size', pa.rachute'sO~cs, boonn dimrensiow;, etc.

The Volumne penmalits for openf ejection. seats or enasltdejection

seat ih tile, two-mon veh-kicle wer6 estUimated to be apporcxim~ateiy one-b-alf ofI
those for tiŽ6 three-man vehicle. This reasoning Is based on: .1) the twan-eion
seating arrangement results in a fuselage cross-'secttional area Increase at the

2) the extra length required in the tandeiM. cockpit will be the same as forpios tto prxmtl n-afo hti ieb~sd ragict an
three-man vehicle because the length Increase is primarily dependent upon the
side, vie diienslMs of the sbats, and niot whether a man issitnbeiehe
pilot. ý,The volume, Psnalties for the coki o asl rsparable rose*
0aps00e for the two-~n~an vehicle Were estimated to be' somewhat less than for
the thrne-man vehicle hecause frteeS eaesstemls the volum~e penalty is
primarity dependent upun rocket 6i± e, parachute sizes, boom dimnensions,, etc.

The eocape system v'olunne penalties In Table XXI m ray be used as abase-
line in aircraft design and hn etmating the effect on aircrf pefrance,
structure, and cost. Table MalI also show.s the volum.,etrIc penalty rank-order
rating for each escape concegt for each vehicle.

rave XXII. VýIurle Peauty_____-

Q-ES MES CPC SINC,
Rawk - Rat.2 Raiik- Rank,-,
Order Order Order Ords r

____t_____ Rating Ft*, Rating Ft~ Ratig~ Rating

2-man Subsonic 75 1.0 200 fl7 10O50 7 0.429
3-man Combined 154 1.0 410 0, 375 - 200 0.769 225 0.685
4-man DASH t154 1. 0 410 0.'375 219 0.703 250 0.615



5. AVAILIABII ITY

The over-Ol effectivene:3s van of an i...y4astenm decvd M
whetcer th1.e syatemn is ava~ilable, ponalld opera~na: ip in,7 for use in the_

first protohtpe or produeti oi airplaneý f~r w~hich T~esir h- c~sr;d h
time reruired to desigra, Idevelop, and qualiy the e;cpe s,~ s "radl the degree

i. of developmeontal. risk, involved., a re facto rs whichv~k af0cc 1h. qbllayit'oth

escape co~n,,ts It is presumned that any of the see -cone rt can be
developcd to meet their par ticu~lar derli_'n d pe Irae sdfndi e TTo f

.If unlim~tedl timein vialTedvlpetra~ir thcre'or ew peran
to' wbe*her the systcir can be developed witb.ih the Mane schedule antieipate3d.

The time required for predevelopment, develop-nent, ano, qjalialon te-
ing from Yiguxes 109, 110 and Ill of Section R7 are su ieifor eanh escape
co~naept In Table XXIII. The rwlnk order rating of the development time require-

meets the alsote dsho gn.pronac sdfnd ndsnewl alse n

Sinca opent ejection seats currently available or umcXer development will

[proven testing techniqwe.. and procedures only -re~ reuired, no development
scheduling risik is con sldered to be involved. Theo opn eeton etcncp s
thereffoie, assigned a develcpment risk factor? of 1. 0..

* .~ .Encapsulated eiectinsa escape syste~ms have b~een developEld for thll
z B-58 and B-i70 aircraft. Also, studies 'azd expe~rirnenia1 test. programs have

been conducted by governume-nt and industry on thils corwcept,. Therefo re, a
oudasseitfosucsfldevelopmeont of an enmcapsu~lated ejection seat

system for- -divanced aircraft. However, additional capability, not availableI
in present systems, is required. A~ls, ste mpct ioesaligtly
greater development tim-e risk than for open, ejection sets.

Cockpit pod and separable no~se ca psule esca')b concepts hav,,e been under
study by government and industry for approximately twelve years, and se-,era~i
significant experimental test programs have been accomplis~hed. Further, an-
operational cockpit pod type system has been sncecesfnulv developed for the
F -ill aircraft. IThe feasibility of developing these concepts -for future air-

craf ha ben dmontrated. Hqwever, development of th-ese conce ptsfo

specific vehicles may present problems peculiar to the aircraft for which the
systm isdeveoped

.The estimated developmental time risk factors are show'n in Table XXIIJ.

To obtain the escape conceept avaiflability rarshý--order rating (also shown onI
the Table) the development tim~e rank order is mutple by te development
-risk factor.
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of crew comfort and ef fici ency:

* Aeucofetravi'o;Cockpit layout and design forcrm effectiveneoss;i
t . * Person~al equip-ment irtegretio and cren cmfot . .

* Seat desIgn for comfort, and effiielf.cy;y.
*Win$Alast and deccieration forces;

* Ejection seqW&clng, tinec.

A discossi1on of these factors, sm aieInTabble M07IVs prec"eteAd e'
rg ~okitDsg Crew compartment dez g-n Is CcptDsMoptim ized kI the cockpit

'pdcapsule, and searbl nose Iav~ permittbigý aiincoptvlm
usable for efficient- arrangements. In th~is escape system there Is no seaiteetion clelarance required. Thvercre, crwam Rsa insrmn

t Panels and consoles rnsy be atrarged and irtegrated for rrttxlmum operational

EncapsulatedA and open ejection seat systetms com-prormlae crew station*
design and -siA` maie crew com~fort and efficien'cy. DoIth Sytero'
impose r stri ztskmthe efficiezit arrangermetofihtcinwtdeote
requiremvr- fee 4." riovable h-atches, fired ejection railsF, and sCat cleapran-ce

-neoe e-et the bulk inovoht~sc' o sstc-M1

with the' 1 7-- xception of the~scvslte eject~o et st rcamO
vision. t,-J O1 'a se, Vision to, tIhe. skis and upward will be som-em,-bat
restriciso L a B-58 type escape capsul it. ur~ed. This Is due to the retracted
shell ratiorshn. However, if a B-70 tyvp capsuqlo !,, which the srcat9-

[ occupantt sits well forward of the ca paUle shell dthlng normall operations Is
use, vionis omparable to the other two esaesystems,
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Itpressure s-RiV ares worn., i'Mioa toý the sides and upward w'illbectr.
'whzat restri 'ted. In addition, pilots eaigpressre. suite because of
plate glare and iterferaence, can r'-w ""n* .. ..... problems such as67 -r n
in target acquisttlS ndsopnerrtoin Futsmre h'b u*ar
tin fog the face p!a.te-

Porsoý'8 Eal Boi t - Tie rcckpit. pod capc an i ei'lil Eo,<., : : WY ZII-sona kov~der,ft t= ix", ,-0,
ee:ction systems provie a "thin ,pleve" enrironinciit in all 'ases cXC•t g
cabin depressurizatloti'above 50 001 feet. In this Case, eOther n!C,- eere"ency
pressurization system or przstcre suiZt is required. The eneansidate.
ejection seats will provide -wecondary p esenrlzatIon protecon without, tih usec- )O
of pressure suits. Ths, a-"shirs 'ec" environibeat is sential l a••d.. . .
Open ejection seats require pressure silts if the escape envelope oxce 'ds
50,000 feet and IGOOQ (dynsamic pressure) beeauts, in this, system, rnan is SF

-directly expsed to the environment during escape. Elimination of tie pressure
suif relieves the crewman of a primary encumbrance and permits greater
crew comfort and efficiency, and less fatigue.

Protective clothing provides phyrtological protection at the expense of
mobility, ease of control manipulaton, Visibility, and com-fort Pressure

suits evoke small to quite large degradations, depending on the conditIons and
task requirements, in the crewmn,'s performance. Cross tasks such as knob
turning and lever pushing are little affected by the unpre.2is,,rzed sut•t. How-ever, pressurization introduces cumbersomi-eness and fati-ue. Performance
of taskshof finer resolution show a dexterity decremnent, theansnou'ut of which
depends on whethsr the suit is Infbited or r)ot. F-1O0 pilot;, a reported that
restricted mobility while wearing pressurized su, made irs elsu..s, madc it- difficuýltl t c a, ut e •
fuel switches, armamient recycle buttons,, M-A-I power sw•-chAs. •ad i"anu "t
tune the UHF radio, Pilots woe.rfig pressure suits have also ound that gla'r
from the helmet visor and the effort required to -turn their heads were factors
contributing to fatigue and lower efficiency.

Examioation of sweat patterns on pressure suits worn for three hours or -I * longer has Indicated that ventilation is generally not adequate. ýBeca-use of the
difficulty to urinate normally while wear'ing a pressure suit, urination in the'
suit is not uncommon. Because of this and extendd use, the suits soon
become odorous and untenable. To date, no conp't-emit cleaning penocedure has
been devised to overcome this problem.

Light-weight to heavy-weight ant•i eapsure suits th.t are fuiiiv effective

within established temperature limits are presently av•ileble. Thie degree of
comfort, mobility, and performi.ce provided by ant!t:-roesurc sulx*s is
inversely proportional too the weight of the garment. Light to5 -mediUmi" we•ght
suits have been accepted bpios ut the I~ ier Cat ae, •"•
teceived due to ventilation requirements, degradation. of mobility and perform-

Mnee, etc.
gear, such as oxygen equipment,eq,.d1v.l .... C: 'Asd lif immzica!o

supplies, etc., introduc& serious probloe.s by encm wringh the air-man's
2movements in open seat ejection -systems. The encapsulated se•at, the cockpit

pland separabl nose systemns allow fo r the design of guck suria gear
other protective provislons Into the capsule or cockplt pod itself. The
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r open seat, however, Uiit he, placement 'Of suc.ýh a kvW7ard eqip enlt theV-

iets and Restraint--s - fea ixi for cemfo rt an',d effmicency is most V.,:eýible
in, the cockpit pod caps le and sc arable nost, capul P jei~ yes
flexdI..1ibity re sults from the lacxk of a rest-Acton- 7io ciedrn

esap, ndit per-mits the incorporatlion of rictl',dis a 1 d (1ev I o'.e (aneor

rest-, reclining or rotary actioii, etc. ) d eaigs-od to allevkate fa ie v id,
provide aximum omort -In the open ejection seat arA custJsa

systenal fluexibflli~y is g-reatly limite-d becrtuse of the clearance enveope,
reqired during ejection. The e caps.A1ated scat is fuarther restvietredbcas
the sea ts must be pla,)ce-d wvihiin the capsule,

The iestraimr eag eipment for crewimen required by the open, scat-, en-
capsulaed sea, cockit pod, vnd separable nose systeems Prcesetalth

W~indblast and Decele-ratbmn Fcrces - Windbla st prfsents nto problems to
crevmienbeys in the encapsulated seat, cockpit pod. capsulic,~ or sepa rable
nose capsule escape systems. However, in ant open ejection, seat, windblast
cancause, severe human injury., Open and encapsulatcd ejection seat systems
are limited to app*;.`oimately 500-6.00 KEAS (dynamnic pressure of 1200 psf)

ad700-800 KLAS kdyna-mic pressure of 1600 psf) respectIvely. Thi S is due to
tumbling or because deceleraton forces approach b.,man toleranc lImnits.
Capsule-type system~s p;,:ovide better aerodynamic qualities and! extend
performance capabfilies.

~L~t~nScainqeeTime - Th~e elapsed tim es fro m system intato to
seat or capsule/airplane clearance fo the orecp cocptswt w

thiree-, and four-man crews are presented below.

SIZE QES EES CPC SNO

2 1. 06 2.50. 2 0.2
31.56 2.-,0. 2 0.21

2.'06 3.15 0.2 0.2 -

n-ereriod fromn initiation to clearance is considerably greater for open
adencapsulated ejection seat systems than for cockýpit pod or separabl )e nose

cpuesystemns, This is because they require sequenced ejetor'lo to prevent
tothe rernaining crearme-mbers, collislonl betwveen setand possible

parchteentanglement. .

Such extended time pert' dc, betvveen initiation eand clearanweoftearln
A ~not owly affect ytm fetvncbut also affect crernmebe confidence

in the system. This cant lead. to deg-rdatfon of crewmernhzr morale, wvhich,
in turn-,0wi1 adver sely affect the elfficiency and effectiveness o-f their perform-
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ada SM I'm5 Fa ftlnC3P I sal facor t0wI shJouldc Joe co 'Jdr¾.d In the bvlatior
of 2. £tY'nio of et and cswe LAoncl) Lbo advanvf fo ver ah~ert, 0pnade~pnne

v-th he amI ig apid o zn en ex syste has on overal donlgTt safl t dcradthan toe
act ¶ Csat-t exss fjntor P 'r fact tha.5 houlv.d te then'ldercder- of thcabaion
and acte ionofert a tninsape o00eptfor adacdvhce.O adecapsulatedcets

ejecthson sexat conec zn cero jettwhornetbo hteo p ortlw evanooi ýýeqat pastcxvrip
wit th itthig rnd e~oniv dccornprcaslon. Thusdo Lm dcmradaiR

crew safety eiTI fo iere pql5p 45'ýr(n for therairrwýnvid to 3psaerd~ srentfca

cone .'pts, which pr-ovideý " e3cape ystems only for tthie iýnormal crew compjlement.
Not onYWI ;~iA Livetrna r nw -ves1'F wlh n t-ent- prcv'ic¶;Žr with an a-d-etuate

u-as of c erccyesa o gnrally he lost If irflight en r.-~ape ir reqjuired.
bu t t; h ir., prsenc a i n Ih arcnr a fti haS S dn r r 241v,, gzi. a Ped ' on t(be p r ormýia#
Crew, oft onrcwmirzýIt~tot~ 4.k 6 andA, avcfCdot use of, its ejc't~m seats. For
the covi"pit pcod and S-r'par,17e nose conceptai extira Crewiavnr"Ahera' wili be
saved With the capsule aind, crewt Safety will not hc timylaed. Also, for, the
tv aan vehhide nov deg"radatioawas assumned, :firceI I typ e of vehcl wIll
not be desiggned to oacommodate extra. crczmmmbcrsx.

Another forrn of il ht safety degraelat!ýon- tws-jSt3 when irosur 'futs m".ust
be worn. The use ýof aý restrictivo press, ve st teul'ts in wcrv5 nlost
proficiency renderfing th vehlcb moore-vulnerable? toi acoldtent, This fficetor Is
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The Mefet of thvr esctpn sycrem cecWamtecrs anigan!
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11r1, ev.urtn a,ý tow'pf 0 el 0-1 -j&~ r-P

VTOnL vehic, the tbre-m d ci b'e a~iiy vhce n h ,-zn

use, cane -p basi for -ieahi trae fS orl o h crznaietomr 'hsi
supersonic lo-alitr da h v~le.aflt Thasko:c aigsaeo h

Mk basis, ofII thed best concepti wihrsett a h trd factorbeing gaivng al ratin
1.; hn rmpnn concepts fo ~thtare kthen frated as aW~e e degrdatin fro

ten bes or most suitable concept

suTheseni data may be sd ash a gall e. ýinsth sa~oeletio tn g ofrt e most stabe
escape onVepbet for sepecIfc advncd toeahie tsrateelarltveipr

* tnc~ofthevarou trd factr le; ato beng taken int account

the relativemos sintable of 1 arhsstaefcr i oagetetn

r . dpe cnde2. t upon h specific airacreaft hcls Hop~er, h ation. i~P m pora -s
timce thf the vehilett trlade fapctcds r to btaen expodto Varcoushoaros li

cjirra rt reicing to typo and lengtfh of nalcelons, and the rproprin of flight-
5re-Iaes, mo*netar procreent polic!es relat ig to the vehicle at the ti-me of

procurement., and procurement lead tn viai.Ae e infcneo
escape Ssytemn weligt tand volume require. mi-its, that prinmarily manifest themn- j

.selves in termis ofvehicle cost and gross waeipht growth and/or vehicle per-
formance degradation, Is dependent on procurement policiesadte paritioularF ~~~~~vehicle requiremnent at the time off procuremnent. Eowever vntog ot

* weight and development tim~e may be high, an e-c-ape concept should be provi de
that will assure an esc;ape ea~abili'y througrhou-t the vehicle perfobrmance or vveope. I

AlIthough an actual selection 6t the mnost suitable escape conceptfo th
general typreso veh-dices studied Is not practicdal without applyinogterltv

* importance or einkling f~otoas to' each of the trade facatorscosdrceti
valid observations pertaining to ti resultIs of this sEtudy are possibki>

Fo 'athree of the representqtve vehicles stde, th -ccpit pod mid

.separable nose capsule cocet prvd O su 2 pefoi nf 4ig - scape capability in
. al he liht eg ne cn i ced sýuparlor survival after-landing capabillity,

* ~superior crew comfort dand efficien~cy, and superior crew safety.

-concejts wihrsetto cost, with Nt, voluauctric-pnly n availability.
V Th ee~ insC' dini Y the le~sttcape potential relative]

the the cocepsWo VTOL trahsition, convnrat oral takeoff and landing,

ado-w' l td ahfl~ rcgiaiels. Flueat~ n(aslt seat shuwvs

d
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ea Vt cltue 01, t, Y a et 1, Cý c; - v~l -v.v 5ta ie 01

lat~eci se-at are also HwAr t~h ýznk o o-rzn nct nopr'. 011 c'c zlrld s

but ia fillerier to tie op:r n cectkl'zn sca,,t Sorths ro'.

A ruore do~we ''cnpIcx-ron of, the binf~i-ght Ocrpo;, Poklar,1 s of the. Cqsael
:-I3~T; W ith the op-ýnl ejC lio seat con e-A~ re-aF tba tfor the fut-nanic

altitude dahvhce n' h thrvo -n-ma cornb*e .ZA a fl-t1Y vtehicle the caps-Ole
noncet .. eac'iddsvnt~.Hwver for 0-c t~-vi-an ls~honfc VTOL

v 6ice the WnflighIt ecapel poten'ttais of thc con't" i or eal eul
The open, ejection sent. sloring ess ientially equal to thr le coc cpts f'~r

*VTOL tran iflion flightI, and only slighl~ loer In other fl,~trgie.Ti
*better showinp; for the ejection sesA con oc t -when, used viith theý VTOL vehi le

is prtlydue-olte spoed and altitfude envebope of th vehicile being nore coin-
patible with th eoptp. ejection sest capabilit-y, and pa-rtly due to the fewver 1mu-
ber cof seats requiring leesssequenclnf, time for ejection..

Table YMY summarizes the results 'of the inventigation to evaluate the
need for, or benefits of, auttonatict emergency detection anrd escape Initiation

*from Sections V ic, 2c, and 3c. The valups hi the ta~ble Indil~ate the derived
probabMIites of esca'pe nit-iation in time for successful esca',pe for inatnual ant'
for seintar, ,,tic In~itiation.

1t shovld be recog~nized that the data for the VTOL hoey r and transition
flight re ;Itne- are fmr the two-ma%_n subsonic VTOL vehicle, vAI tl fhe data, for

' =the conwentioiltaoff and anirimdlv-ýt ahhg!rgme r

other flight regimes are based on the- range of possible nose-ovrer g and speed
emergency flight coniditions.

As shawn in the table, successful escape will be Initiated in less than one-
half of the VTOL engine failure situations analytad. if m'anual detecttion aid in!-
tiation are re lied upon. With ser~a iaoniatic detection -an d initiation, where the
emergency situation Is automatically sensed, escape decisinlogýic is comput-

* erized, and the pilot is conditioned to respond to the eccape signal with f.-ll
tinfidence. The anallysis indicates that near 100 percent succe~ssful escape
could be anticipated for the VTOL engine failure simuations.'IFor' the conventlional takeoff and laniding, anel the low-al-tL' de das'h emaer-,

) gency conditions analyzed, mann 1l inti ,tion will not' result in an acceptable
* expected survival rate. 'The low-alitude dash flight regimne presents an

espeialy crticl ara'or manuall escape initiation when, open ejectionk seats
are used. Thie presentation of this data should, howev*er, be qualifled since,.
for the analysis, successi~ul ecsasne was considere~d to include recovery ofl the& ~~~entire crewi. Therefor'e, kir the open eleto seteCaewano con Iee
sliccessful unless the last of the four crew memnbers (eieel ed in- sequen c)
could W. successfully recevered, even tihough part of the cre-wmay have been
saved.

I: I 3A
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Coki o Cp e0 4.45 p.
Escape Concept Pfobabflitvy of Successful

Efcae HatLtion

open Ejection Seats 0.197 0.720,

CockpitPod Capsitle. 0.288 1.000
Lovp-Altlbide DL, b Flight I CP-M.

Four-.~- ~ u- asonic Dash Vehicl e

Escape concept .Prob;-), flity, of Souccezsflui

Manual Seluontct

Open Ejection Seats 0.013 0,072

Cockpit Pod Capsule 0.216 1.000

ThIe results ci this analysis indicate the need for soi'Pe form1- of aut3!.atie
or semiauto-matic emeorgency, dete~ction an's escape inc~ii*fr -1 the critical
flight areas studied. Special consi~derctlcn f;it. he_ V(- to the VS0 of fully

autoat!c deection and iitAtio , sy -t~ r",,, for Is~ ýnmijtlpl cc, (4, crG-,7m embers)(
vehicles employing the opcn or snc.. ulated ej'.itfon setcoep.

I%
310 Ar -,ýQA
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