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™ In the piat, laboratory simulators have, beenuse of technicul limitations; usually been ve-
stricted to reproduce isoluted segments of the operational environment, The next generation
of simulators will provide the ability te create the highemagnitude, comgpliex accelerations
of operational environments for exploration of the hinmechanics, physiologic, and perform-
ance chariges resulting from expesure of humans and animals to those envionments A six-
degree-of-freedom motion device, operating in the 0-30 cps range to produce complex vibra-
tions with peak loads up to 15 g, » dy namic pressure chamber (that will create sound pres-
sure fluctuations of up to 172 4% lu the 0-100 cps frequency range), and a dynamic escape
simualator (a sophisticated ceutrifuige) that will permit suprapositioning of sustained accelera-
tion of up to 20 g’s with high-mxgnitude, complex, angulur and linear motion and a wids
range of atmospheric pressures and temperatures are now under construction. A design study
on a horizontal impact research device has been completed. The specific design character~
istics and performance range of these devices are compared to the envivonments produced by

-~ operational conditions and to existing lahoratory stmulation facilities.

Introduction

HE opemtional acceleration environients generated by

. flight in serospace vehicles range from prolonged penods
of weightlessiess to extremeiy brief, high-magmitude impact
forces resulting from ground landmg Comple'( linear and
angular vibraiions are produced either singly or in combination
and ‘may be superimpused un sustained accelerations such-as
those produced. by boosfer rockets. Infrasunic noise.of -high
lovel and airburne booster-induced vibrations are also part
of- the environmental problems prcdumd vy large vehicles.
“The effects of such mechanical furces on man have been syudied
mostly under conditions limited by -the type of simulators
avmlable, not by theoretical or operational problem areas.
‘Dynamic amulators hawe tended to jroduce a single or, &t
most, o _few segments of the zetual operativnal envircnment
because of expense, difficulty and complesity of simulation,
whereas they occur simultanicously under uperational con-
ditions. In many -caces, they are- cumhmed with oiher en-
viropmental stimuli such 8s extremnes in iemperawre ur pres-
sure oF toxic atmespheric.contaminafits, For the mest part,
the physiolugic ¢Rects of these multicnvironmental stresses as
well as the-resulting influence on performance ahility have nut
been:studied: The limited-data which are available indicate
strong, intesgctng effects from the various scgments-of the
over-all environment.!

This-paper describes-the types of wmplex. force environ-
ments to which crewmeh in aerospace vehicles nuj L exposed,
‘It also discusses the coresponding simulator requirements and
~Im-:e!z!),' éescnbes the functional characteristics of the simu.

I‘resentcd -a8 :cprmt §5-270 at the AIAA/ATLC/ASD
Suppors-for thned Flight Cunfereuce, Du,ytun, Ohiy, April
21-23,.1505, whxr;ued Msy 6, ;96.7 ravisiun received Jasunry
3. 1967. The-research repurted in ah‘a paper was conducted by
* fersonnel ‘of the Asrogpacs Medical Research Laboratories,
Kerospac? Medlczs! Division, Air Force Systems Comm’md,
‘Wright-Patierson Air-Force-Bnse; Ohie, This paper:has been
identified. ;by -Acrospacs ‘Medieal Research Laboratorize. 53
:\MRL-TW»MQ}. {IO% 12, 02, 12‘0‘3, l&lﬁ]
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lators presently being used and those of the next generation
being planned-for use in the biodynamics research program
at the Aerospace Mediea! Research Laboratories (AMRL).

Environmenis and Simulator Requirements

‘The operationai environments and thus the mechanical
forces to which derospace erewmen ure exposed are extremely
variable, depending on such factors as type of aircraft or
spacnemft stage of ﬂxght atmospheric conditions, landing
conditions, ete, Limits of exposure to mechanieal forces are
uzually considered under two broad overlapping categones
normal and emergency-operations. In the first case, man is
expocted to function as a useful part of the aerospace system.
Under emergency conditions, man.may be exposed to forces
of sufficient magnitude to cause serious concern for survival.

Figure 1 shows' how, with current simulator capability,
the complex operational fores environment has heen subdivided
for simulation of jts: components and for sfudy of its effects.
The major division of forces is into a) those which are trans-
n.ltted by the struztura to the iman, ususlly messured as ae-
rounding the- mzm, usually measuved as pressure or velocity.
"The comiilex “cceleratmn is separated into its linear and &n-
gular. parts and then into periodic and nonperiodic components,
A final Jivision based on overlspping frequency T8DgES Pro-

ditees & ssgmcut of the original environmeat which can be
related to ond of the existing simulator techniques. Forces
tranemittod by air or liquid are similasly subdivided. The
ideal simulator would generate-dny combination of the forces
imEig. 1, but it wedld be 1mpractxca§ly complex. This sec-

tlon piesdhis & by ief. description of some Qperatlonal aero-

space conditions- tnat ereate com;le.e. fares -€.vironments.
{eaiso dwc.xsses the tequirements and {radeoffs that are con-
s:qéredan . sonving at nmcn»sl\des,gxx ¢riteria for new simu-

‘laters*asedin bxedymmms;cgearc .

Lawwfzittm&e ﬁsgmsm%msgs .

For thv S PEposE: 9&‘ avmd-nb m&ar‘ (,atcutwn, many current
m tienl and strétegie. miszions ofexisting and next generation
alvepaft lngfuds the-requirament for. fight st altitudes of less
tha:‘ XS!) ma; it heax sonfe speeds..  Atmospheric turbulence
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Fig. 1 The force environment of man (Ref. 1).

at these low altitudes can be quite severe. Depending on the
aircraft, the resulting acceleration environment in the cock-
pit can also be severe. The general problem has been stated
succinetly by Notess,? who discussed the relation between the
gust environment, the response characteristics of the air-
plane, and the effects on pilot performance. Figure 2 shows
a power spectrum for the input gust velocity and, depending
on the aircraft ride quality, the types of accleration spectra it
generates at the cockpit.? The peak in the gust velocity
spectrum is at less than 1 cps; cockpit acceleration spectra
contain little energy above 10 cps.  Most acceleration speetra
peak at less than 5 cps.

Previous turbulence measurements were mainly of vertical
gusting since the most sensitive (wing) surface of the aircraft
is aifected by-this normal loading, There is recent evidence
that latéral gusting is also eritieal in terms of both aircraft
and pnIo’&loadmg 3 The actualaifcraft motion is quite com-
plex, encompassing five degrees of -freedom (lateral and ver-
tical transiation, pitch, roll, and y&w) As sutomatic con-
tro} systems for terrain followmg improve, the airzraft more
closely follows the ground and, in so doing, generates ma-
neuvering loads which have, in addmon o any gusb respoise,
spectra with-maxima betweea 0,01 and 0.1 cps.* This is the
frequency range where man is most vulnerable to motion
sickneas. Since most aircraft environmental control svs-
fems do not-function optimally at-low altitudes, the cocl-.pxt
temperature and humidity are often poorly controlled, ex-
posing the érewmen to seme degree of thermal stress. As
the speed and' duratioh of low-altitude high-speed flight are
incressed, the performance requlrement on the crewmen in-
tréases, and ‘the effect of fatigue is added to the over-all
problem. The efféets of the-complex vibrations combined
with terrain foliowing maneuver loads and: othér environ-
mgatal stréseds Tavé not been studied under controlled con-
ditions-(néither-has the effect of projected longer duraticn of
low level missions).

Boost; Phase of Space Flight

Imge boosteys-for manned space. flight, produce staged ag-
celeratmns, vxbmhon from booster motors and acrodynamie
loads, :and acoustic foise that may be either booster-induced
(aﬁgotmg both:launch and- flight:crews) or-aerodynamically
induced-(aficcting-only-the-Right erew). Although. current

muiusmged boastér erigines generate sustained accelerations

that areiodest enough to permit:man’s performing in a near

nornmLmaxmer, :thére are system performance advantages in
inoreasing the peak sustained acceleration by a factor of 2 or
3 for futadre solid Tael boosteis capable ofcarrying manued

“spacecraft-sized- payloads.hs

In general; the larger the booster, the lower the | reqitency of
vibtation, Large boosters generate vibrations in tho fre-
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quency range below 20 eps, which is of mnjor concern since
thig is the range of maximum sensitivity of the hurian body.?
Under normal eonditions, these vibrations are at & level that
permits normal crew function. Under non-nominal conditions,
booster engines may generate vibrations, usually transmitted
along the long axis of the vehicle, sufficieit to interfere with
visual and motor performance of the crew. In emergencies,
vibration may be severe enough to cauge concern for injury.
The stage of flight in which these vibrations oceur varies
with the system. Fer instance, in the-eaily evaluation of
Titan II for use as the Gemini Jaunch vehizle, low-frequency
oscillations in the booster pumps preduced unacceptably high
longitudinal vibrations aftera pproximately 90-sec burmng
time; this situation was later corrected® Longitudinal vi-
brations of the booster may produce multidirectioral vibra-
tionsg of spacecraft structure with unpredictable phase differ-
ences between crew support system and the display.

The neise environment for most current bgost systems has
been documented by Colz et al.¥ There are two general
sources of noise during booster burning, During the initial

phase of burning on and near the pad, the major noise source ,

is the propulsive gas flow undergoing turbulent mixing with
the atmosphere. The frequency of this noise, as with vibra-
tion, is reduced s the diameter of the booster increases. As
aerodynamic pressure increases with increasing speed, tur-
bulent eddies over the surface of the vehicle induce a vibration
in the wall of the vehicle which is transmitted as noise to the
crew station. As aerodynamic pressure decreases with
altitude, this noise is reduced. With very large boosters,
there is a peaking in the frequency spectra from the booster
in the range under 100 cps. Very large super rockets such
as NOVA may, in fact, produce their maximum noise energy
in the infrasonic range, i.e., at less than 20 ¢ps. The crew-
station ambient noise level and its effect on performance are
influenced by such factors as spacecraft attenuation and per-
sonnel protective equipment.

Although not presented in detail here, similar environments
with varying magnitude of components are generated during
re-entry of the spacecraft. The potential thermal stress
from this phase of flight is well known.

The effect of boost and re-entry multienvironmental stresses
described previously have not yet been studied in complete
Iaboratory simulations. Only very limited studies of the ef-
fect of vibration combined with sustained accelerations have
been made.!

Escuape from High-Performance Acrospace Vehicles

Escape systems are designed to expose man to the maximum

permissible limits of force in order to effect the best possihile
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s@parasion from the parent vebiew. This yvoids impreting
the vebicle uftoer separetion or expusure to e -Greball or blast
effects and, in tha case of low-altitude ejection, provides ade-
quate trajectory for deploymens of the parachute. Almoss
ali practical escape systems will, uader the extremes of en-
vironnental and functional conditions, expose tha crewmmen
to fu.ces in excess of those believed tolerabl~ without iniyry.
The complex sequence of aceelerations are producwd oy
1) foress required to catapult the eseape device frem the pavent
vehiele; 2) sudden reduction in velosity whivh acours as it
decelerates and, in open seats, the windblast forces acling
dircetly on the body; 3) large-amplitusde angular oscillations
or rotations resulting from the device sceking its stahle acro-
dynamic orientation; 4) angular acccleration and spinning
produced during free fall; &) transient forces produced by
parachute opening loads; and ) the terminal ground land-
ing impact. )

The type of initial acceleration time history produced-hy
ejection in & modern emcape system is shown in Fig. 3. This
was & test ejeciion of the 13-58 escaje capsule from g test air-
craft at aa altitude of 14,699 miles and a speed of Mach 1.6.
'This ejection, conducted pricr to major 1evisions in capsule
configuration,¥ produced 3a aeceleration time histéry (re-
corded at the headsest of the seat) that résulted in. injuries
to the bear subject severe enough to regard thia an unaceept~
able environment for man. The initial @,** impulse reflects
firing of the rocket ratapult. Almost immediafely after this,
the capsule’s flight became unstable, producing severe pitchi-
iag and yawing with resulting large amplitude-loads in the Z
sud ¥ axes. ¢ the same time, X-oxis loads peaked at al-
mest —40g.  The major portion of the severe loads subsided
in aporoximately 1.5 sec af ter.gjection,

The magnitude of forces generating the- escape environ-
ment dépends on a number of*initial conditions such as-air-
craft {spacacraft) specd, altitude, orientation of-the vehicle
with respect to the wind, type of escape system; aerodynamic
pressure, ete. The blast and fireball environment is obviously
more severe with spacecraft where the quantity of explosive
material is much greater. Most of the possible complex
combinations of jjréar and angular accelerations have not yet
beén studied under Ishoratory conditions,

Ground Lending dpact

Boveral encapsulaisd escape systems and current spice-
erufi descend to the earth by parachute and impact.)? As
oppased to wearing & Lersennel parnchute whers the man's
legs can be ised as effective, nonlinesr shock atsonuators,
external- attenustion must ke provided for the capsule to
bring the impulsive velocity change to an acceleration time
History below injury imits for man, The. resultant velacity
change atises from torminal vertical velusities (parachute sk
rates) of sporoximaiely 10 m,sec and horizontal velocities,
from surfacs.winds, of up to 10~12 m/sec. The orientation

of the vehicle with respeet to surface wind is usually random.

so that the direetion of- the resultant velocity change at land-
ing is also random. The impact foree to which man irexposed
is dependent on-these variables as well as the consisiency of
the migerial on which impact occurs, i.e., water Jandiugs pro-
duce low-g impacts, the dugree of attenuation previded;
and the nupport and restrainf system.. Most opzrational
systems will, under sume conditions, twshié av impsss (with
sufficient surface wind or initar inclination) producing com-
plex accelerstion-tims Listories wrhy sedirection and magsitude
are both a funetion of Yxme: an example ofisuch an impsct
is shoWn in Fig. 4; which presenis the triaxial acceleration of

¥-After.increased capsuls stability was provided; performance
was izproved to within aceoptable limi,  The systam has niny
boen installed in operstional airesstt, -

% The-deseriptions ued to fedlify the aoceloration environ-

ment-» =.the NATO standard ne descithed by t3ell, 13

‘gnd- they should produco- multiple degreé-of-freedom Fotion
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Fig. 3 Capsule acceleration-time history {(Ref, li).

the 3-58 escape-capsule as recorded at.is center of gravity y
during an impact onto hard clay. Crash landing of aireraft
produces similar complex patterns associated with much
larger velocity changes,

Simulator Requirements

Figure 1-indicatesthe types of simulators curréntly avail-
able by the segment of the opetational environmet-they
cover. These simulators for-biodynamics research fall wider
the. genera! categnries-of centrifuges, impactdevices, listdgr
vibration:deviees, sngular oscillators or spin tables; and pres-
sure or velocity generators: Low-altitude, highsipeed fight
simulators- require- extremely large displacement smplitude
to-produve -the low-fréquency high-amplitude aceei}%iiﬁéﬁg;

and be cspable of clcsed-loop operation.. Simulators Zr
the boost and ve-entry phitsts of §pace fliglit should ke ableto.
preduce a combination of sustained: acceloration and’ vib.ae
tion with closed-loop control capability, acoustic nofse, and
the ptmespheric aid temperature- extremes possible in st
vivable fsilures of -pacecraftenvirenmental congol systsrs.
Escape sinulators she:ild: recrente -the . gu. feration enviros-
mient ag pearly as possible although a.présent ho plans for
such & simulator exist, snd clrrent complets -sizpulations-
must be conducted in flight tests. Impact simulators ghould
produce profiles with velocity changes simulating oparationsl
condivons; they should-also gimulate the mgluditectional
combination cf lirgar and angular aceelerations - gecuiting
during tumbling impiics, PN
‘Escape simulators snd impact devioes heis 18se requisement
for ability to measure the subject’s peciorimance ability. since
survival, not functional ability, is the prime congern in these
environments, In contrast to these requirements is the need
for *mproved environmertal simulators for physiologic.and:
performince measivement., duplicating as nearly as possible.
ail salient features of the other speeationu] situationsunder con-
trolled ecuditions: These complex sifiwlators -are needed
{0 measure.the cumulitive effects of the fmultiple environmen-
tal stimuli ok the ability of erewmén o perform agtusl-fight
tatks, develop and: evaluate -new eoreapts in pratection; .-
donéeol wnd display systents. and funetivniag groufid-based
trairing devices for new-crews, and to test particyfarly in
evireme envircnimental aad’contéo!. problems:not safe-to exe
ploredim:flight, i 7 on
The Gezrée of- realism attained in such-simulations, with
the exeellent existing {echnology, ds-limited'primarily-bysre ~
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qmremems :and biidget. It.isa reasonable -generalization,
however,,that the degree of fidelity in gimulating the complex
operatxonal’motxons “of: ﬁlght -ig- mherentlv inversely related
to the. degree of sophxstxcanon of. snmulauon of other. PEIB
of. the- opera mna!'enwronment i.e., moving bass displays,
etg,. .gxmulauon ‘of -other env:ronmentai parameters, sach as
extremes of atmosphenq pressure and’ temperature, is, in
:tself “aforft dable fask on fixed-hase simulators. It becomeg

an. gven:more “prodigious task with:Jarge-amplitude . moving

‘bage ¢ 'mu}amm

. The. expense of: comp;ex‘mmulators with multiple. degrees
of freed m.over-s-wide range. of - umphtudes snd frequencies
ls'suﬂicxent 52 that-ilie national requxrement will often oaly

'support the costof ofgortwo of a type. It is therefore néces-

sgary that maxinuny versatility in performanoe and function be
ebtsmed Ugfortgmstely, there is a strong undency, if

ortsinty,.of: sttamxng’somplexlty in direet proportion
tility with the inhesenit.danger in. sacrifice of safety:of

to v TEat

fcperatxdn for ths hume.n Such' devices require-the émploy:
neny: of soma:  typa-of “feilsafe” system to assure control
within pma?jlﬁnita and- hia ahility of either the. subject or

P tz”*"

rmg pﬁ\ gmn to-abort the tesz at any time,
tielly, thiets exists and-will continue to exist
_ngoe wvery: carefuliy eomroiled. precise
nd usv;sliy relatwe ly simpie- input-foree-or acceleratioit. en-
vil%menj&for the purposs-of "validation. of :thedretical bic-
.dytismic rsoilels nd testing.of protection system. principles.
For exampre, -the’ aﬁesdy—state sznusoxdai vibration, stimulus
53 ﬁw put m the jn's 1 med whole: body fne-
hee, 1 T}ns formed- zhe ‘basis for, predxctiom'
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of body response to more complex operational environments.
The square wave is a useful transient input for theoretical
studies because of its rich frequeney content. Recently de-
veloped models indicate a relationship between body size and
specific body resonances.! This in turn predicts the shape of
“tolerance curves” of peak g or peak pressure vs duration of
the force input for man and a varicty of experimental animals,
Validation of these models is most eficiently done by testing
near the inflection points of the curves for various experimen-
tal animals. ‘The need for thesz tes's forms the basis for
obvious simulator requirements with future emphasis on
simulation of multidirectional environments,

Existing and Planned Simulators at AMRL

Some of the AMRL simulators are relatively old, sume have
more recently become operational, some are now under con-
struction, and some are still only under design. These de-
vices fall generally into the categories of impaet simulators,
vibration simulators, a complex (including sustained) ac-
celeration device, and airborne pressure generators.  Not de- t
seribed further are the AMRL altitude chambers with as-
sociated explesive decompression equipment and the AMRL
spin table. (Reference 16 summarizes simulators at other
Ial):()l atories),

.
Impdct bevices

Vertical deceleration tower

Figure 5 shows a subject seated in one of the s2veral con-
figurations which can be hung from the cantilevered arm
of this free-fall drop tower. The arm is part of a vehicle that
is raised by hoist to drop heights of up to 12 m to provide
terminal velocities at impact of up to 15 m/see. Also a part
of this vehicle are interchangeable tapered plungers which free
fall with the payload (guided by the two vertical rails) after
release. These plungers displace water from a filled cylinder
functioning as the brake that regulates the parameters of the
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deccleration-time history. By changing plunger shape and
varying the diameter of the water-filled cylinder, a variety of
acceleration-time histories ean be produced. For any com-
bination of plunger and cylinder orifice, increasing drop
height increases peak acceleration and decreases duration of
impact. Position of the subject under the cantilever. can be
varied to preduce different orientstions of 1mpact,. The de-
vice has a maximum peak aceeleration hmltof 50¢’s with man-
sized payloads. -

llorlzontal impuct research device

‘The preliminary design study for this davice is-completed.
It.will-exteud-the. AMRL-hmpact-simulation-capabilitysanud
provide many of the features required to study the operational
problems discussed previously. 1t will be & horizontal track,
approximately 79 m long, with capability for pmduvmg
hoth initial and terminal impact. An impulsive pcsitive ae-
celerator will produce initial impact time histories with pulse
durations from 20-200 msee, For terminal impasts, an air
gun with a 7.7-m stroke will be used, It will produce im-
pact velocities up to 40 m/see. Impact profiles, including
half sine, sawtooth, triangular, rectangular, and trapazeidsl;
up to 200 ¢'s, will be produced by a variable pcsntmn 8ecdem-
tor with interchangable mechanisms. Two maior features of
this device will be the capability to produce symmetric de-
celeration profiles with rebound and also oscillatory-daeclera-
tion patterns. It will also be possible to reposition the sul-
jeet during impact. This will more closely simulate the con-
ditions occurring during initial escape from aerospace vehicles.
Toaid in decelerator development, & 12.8 m vertical impact
tower has been constructed and 1s now being used-tv evaluate
various deceleration principles. This device, when completed,
wiil provide a unique tool in impact research,

Vibration Devices

Western Gear vibration machine

This mechanical device, shown in Fig, 6, produces sinusoidsl
vibration in either the vertical or horizontal direction {nut
simultancously). Shown mounted on the iable is an adjust-
able plate support system developed to permit standardiza-
tion of the degree of support and restraint over a. range of
sizes of subjects-used in human tests with this deviee, The
Western Gear table has 2 maximum double amphtude of 23
em and operates in the 1-20 cps range. The maximus rate
of increase of displacement-is 75 mm/sec. Its single ampli-
tude peak acceleration capability is shown as a function of
frequency in Fig. 7, which compares thi. with the performance
of other vibration devices described below. The total dis-

‘Fig. 6 Weastern Géar \ibmt{on ;abxe.
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devicen,

tortioh of the.sine wave input seceleation,. mcludmg cross-
3xis distortion (accelemt:on in other than tiis pnncxpie axis
of vibration), is less than 10% at fmquencxes upto115.eps for
a 2.0+ input vibration.in the vertical plane u H‘1gh-fre-
quency (usually- harmasic) distortion is-found in all: re:~l vi-
bration devices. The level: reqmwd fur this -distortion to

‘exert significant- influence-9n- human- test resilts.as & func-

tion of frequency i8S not:kiiown, Fromap operational sia;zd-
point,-even secelerations- ﬂmhapuroach the atmcmmi Limi

of the’ wrcmﬁ. or spaoeﬂraware‘not'of too- muc}moncsgn f’m‘
the fian inthe frequencjamnge abyve 100.¢ps,ince these vi-
hrations are. relauvely easily dsmmd by-cither the:sipport
system or the man’s own-tissiés,’®* -

Vertical accelerator

This is & vertical vibration machine designed (a decade ago)
specifically for the simulation of the aceeleration produced by
vertxcal‘gustmg encountered during low-aititude h:gh-slmd
flight.® ‘T'he gevics vonsists-of a rotating drum 61.cm in di-
ameter and 9:15 m:high. and is .shown in Fig. 8. It-hasa
maximuny double amplitude of 3m and-operates in _the
0-10 eps-range. This device can be pmgmmmed to.produce
¢ither penod.c or random acceleritions. It is dxsplaoement
limited in terms of acceleration output at very low frequency,
velocity limited:in the intermediate range, and acceleration
litnited -a¥ the-upper frequencies. Its:performance is 2lso
summarized. in-Fig. 7. In operation, the large center drum
rotntes at & constant speed. The platform, carrying the msn,
engages the rotating.dram through small tire-covered wheels
jocated acound tho circumference of the- dmm. The motion
of the wheels is synchronoiisly. programmed to drive the .car-
ringe ngand down the rotating drum,

Hydraulic vibration talle

This vibistion device, curreatly under construction, is o
simple vertieal linear vabratxon iable that will operate from a
hydrsulic pm»er.suppx) installed-for another simuldtor. The
maximiizn Cotible am;mtude i8 25 em; it operates in:the:0-30
o ‘requencyvﬁnge Jt will be mam’v used to. produce a
cavefully controlicd, precies input for theoretlcal studies al-
though it ean be. pmgrammm.*for ot ainusoidal snd random
vibration, s wr?omaance is summamedm Fig. 7.

Sis«éegree-qf fwedom moemn deaiw (SIXMOY ).

This sxmulato. currentiv iy instelled:is p(met“d by hy--

dremvxc aiziuutors (snppl:ed”by 8 3750 litey/ mm system} that
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Fig. 8 AMRL vertica: accelerator.

can be programmed to produce translational vibration in three
directions and angular oscillation in three directions.® As
shown in Fig, 8, these six degrees of freedom may be produced
either singly or in combination, and the device may be pro-
grammned to simulate complex vibrations occurring under
operational conditions (such as spacecraft vibration) within
its displacement, velocity, and acceleration limitations, The
maximum double amplitude is 25 ¢m for vertical and 20 ¢m
for horizontal translation and =15° in pitch, roli, and yaw.
The maximum single amplitude peak acceleration is 15 g.
This device differs from complex fignt simulators in that 1t
produces large accelerations rather than large displacements.
It is ultimately capable of operation-in the closed-loop con-
figuration with the man in the circuit, but this option will not

TRANSVERSE.S LATERAL S
o-soeos.m,mf,nw C T MARON OLERATCH ~209

¥ig. 9 Attint's- concept of AMRL six-degree-o’-freuiom
métion devicc.
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‘Fig. 10 \!odel of the‘AMRL dynamic esciape ﬂunulator.

be utilized in initial studies. The operating range of this de-
vice makes it 8 unique simulator not presently duplicated else-
where. Figure 7 compares the performance characteristics
of the several vibration devices discussed previously in terms
of peak single amplitude acceleration as a function of fre-
quency. The range of operation of one additionul device, the
Dynamic Acceleration Simulator, under study by the Air
Force Flight Dynamics Laboratory, is also shown.® It will
be a five-degree-of-freedom simulator-that provides the cape-
bility to duplicate more completely the actual complex en-
vironment for low-altitude high-speea Jight buffeting.

Dynamic escape simulator (DES)-

Figure 10 shows a model of the DES that is now being in-
stalled. It is a single-armed centrifuge with a radius of
5.7 m (center of rotation to center of gondola). A double
gimbal permits 360° rotation through either gimbal axis of
the gondola. The main arm produces centripetal accelera-
tion of up to 20 g with onset rates of up to 10 g/sec. The in-
terchangable gondola is 3 m in diameter and may be pres-
surized to £620 mm Hg from sea level. Temperature may
be controlled over the 0°-70° range, and humidity can be
varied between 5and 95%. In thegondola is a vibration table
on which the subject rides. It is a six-degree-of-freedom
platform with a 30-cm maximum double amplitude and & 15-¢
single peak maximum. This device will also be unique in its
performance, satisfyirig many of the requirements for simula-
tion of the escape environment and the eomplex acceleration
environment associated with boost and re-entry in rocket
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Fig. 12 Dynamic pressure chamber.,

vehicles. It will also simulate the terrain avoidance and ter-
rain following maneuver loads associated with low-altitude
high-speed flight.

Airborne preasure generators

Figure 11 summarizes a portion of the capability for pro-
ducing acoustic and infrasonic noige at AMRI and contrasts
this to the sound pressure levels predictel for very large
rocket boosters of the NOVA class and the x 32 produced by
jet engines of current fighter aircraft.?? The A3:RL Dynamic
Pressure Chamber, now under design, prod. - the 1~10
cps large amplitude (up to ¢y atm pressui ! .ictuations)
predicted for very large missile systems. It w. : also be used
for acoustic and respiratory impedance mea. oments on
human subjects and for studying the effects of ae low-fre-
quency components of the sonic boom on man. QOther more
conventional noise sources, such as the AMRL wide band
noise siren, are capable of producing the higher frequency
sound pressure fluctuations of operational interest. The
dynamic pressure chamber is a closed container in which the
subject may be either totally or partially eacased. Anartist's
concept of this simulator is shown in Fig. 12. The hydraulie
system used for SIXMODE drives a piston that produces the
pressure fluctuations within the chamber. The system is
designed for maximum output m the 1-10 cpa range but
produces significant pressure fluctuations in the frequency
range up to 100 eps. It may be programmed to produce
either sinusoidal or random inputa.
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