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SUMMARY

Problem |

The objective of this study was (o investigate simipler G-seat hardware configurations tor the purpose
of describing a low-cost approach to G-cuing for future flight simulators.

4 Approach

The approach to demonstrating a low-cost G-seat was (a) to develop an algorithm to duve a
multi-celled G-seat such that groups of seat pan and backrest plates would be dnven as a unit, (b) to
simulate on an existing G-seat an advanced low-cost G-cuing system with tewer components and a simpler |
drive phitosophy, and (¢) to subiectively evaluate the modified seat using the rescarchers as subjects. |

Results

An algonthm was developed to drive a multi-celled G-seat such that simpler seat geometries could be
mvestigated. The algonithm was implemented and an advanced G-seat was simulated on the Advanced
Simulator for Blot Training (ASPT). The simulated seat embodied the prncipal components of an
Advanced Low-Cost G-cuing System (ALCOGS) G-seat being developed by the Air Force Human Resources
Laboratory (AFHRL), Advanced Systems Division at Wnght-Patterson AFB, Ohio. The ALCOGS utilizes
rubber scat cushion and backrest bladders ovedaying passive thigh wedges and tuberosity blocks and metal
seat pan and backrest plates. Four researches served roles as subjects throughout the study. The subjects
were asked to estimate G levels and directions of cues based upon prior experience with the bladders and
Geseat.

The simulated seat, simple in design, demonstrated a more integrated, continuous sensation of a seat
structure than does the first generation ASPT-ike seat. The advanced approach appears o provide more
{ accurate G level direction perception than does the first generation seat. Contowred seat pan and backrest
1 forms which were evaluated tended to increase the perceived sensation of arca of contact. The evaluations
{ provided the rescarchers with an carly analysis of the ALCOGS.

Conclusions

An advanced G-cuing system has been simulated on the ASPT G-seat. The advanced seat represents a
second generation development of G-cuing simulation hardware. The evaluations performed on the ASPT
and descnibed in this report demonstrated a simpler and more eftective approach to G-seat simulation. The
success of these evaluations lead the way tor further G-seat simuiation eftorts.
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EMULATION OF AN ADVANCED G-SEAT ON THE ADVANCED
SIMULATOR FOR PILOT TRAINING

1. INTRODUCTION

Ihe Air Force and Navy are currendy pursuing flying training simulator programs for such tactical
aircraft as the B 4b F 4) F 14, A 10, and F-16. What each of these programs has in common is that a
G-seat is either being developed or planned for the simulator. The Navy is currently procuring eight (8)
Geseats tor the F 4) and F 14 simulators. The Air Force is currently on contract for procurement of
sixteen (16) Link-built G-scat svstems to be retrofitted into the F-4E trainers in this country and Europe.
Six Air Force Ge-scats are carrently wn the field. These seats (Figure 1) are discussed in the hterature (Kron,
1975) and in Appendix A.

The purpose of this report is to document G-seat research performed by the Advanced Systeins (AS)
Duvision of the Au Force Human Resources Laboratory, Wright-Patterson AFB, Ohio. on the Advanced
Simulator for Pilot Training at Williams AFB, Arizona. The original Advanced Simulator for Pilot Training
(ASPT) G-seat was modified to (a) investigate simpler G-seat geometries and drive schemes, and (b) simulate
the principal elements of the Advanced Low Cost G<uing System, or ALCOGS (Figure 2). It was
anticipated that these studies on the versatile ASPT seat would give investigators insight into simpler
hardware configurations and alternate G-cuing devices for the flying training environment. The studies
described herein were conducted on the ASPT in October 1976 and January 1977.

1. SOFTWARE PREPARATION FOR G-SEAT CONFIGURATION RESEARCH

Objective and Approach

The objective of this study was to investigate simpler G-seat hardware configurations for the purpose
of describing a low~cost approach to G-cuing for future flight simulators.

The approach to demonstrating a low-cost G-seat was (a) to develop an algorithm to drive a multi-
celled G-seat such that groups of seat pan and backrest plates would be driven as a unit, (b) to simulate on
an existing G-seat an advanced low-cost G-cuing system with fewer components and a simpler drive
philosophy, and (¢) to subjectively evaluate the modified seat using the researchers as subjects.

Initial preparation for this work was begun in December 1975, Based on reading and studying the
literature (Kron, 1975), computer program listings, and manuals, a computer programn was developed to
“connect™ (through software) selected groups of G-seat cells to act as a single unit. Thus a seat with fewer,
larger cells could be simulated by these connections. For example, the present 16 small seat pan cells
(Figure 1) may be used to simulate a four-large-cells device by “connecting™ the four cells nearest cach
comer.

In order to make the program as flexible and useful as possible, it was desirable that the connection
scheme be easily changed through a cathode ray tube (CRT) real-time keyboard without any need for
software reprogramming. In addition, once a connection is made, the type of connection excursion
calculation should also be variable (i.e.. average, minimize, maximize, or deactivate cell excursions within
the connections). The software logic (to satisfy these requirements) was developed at the Advanced
Systems Division and used a connection input array of dimensions 8 by 16 (maximum of 8 connections:
maximum of 16 cells within any connection) and method input array of 4 by 8 (any of 4 methods for the
possible 8 connections).

Parameters to be input from the keyboard must be referenced in a section of the computer software
called DATAPOOL. DATAPOOL is a common storage arca reserved for program variables used by more
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than one routne and/or those 1o be used i compunction with the CR1T capabihties. The vanables need not
be Listed i the same order tor each woutine. Since DATAPOOL vacaney was scarce and the previous iputs
would have required 160 words of computer core, tie mput scheme and consequently the entire logic flow
had 1o be revised. The connection mput scheme developed and tested successtully consisted of fow
numbers of four digats each. Fach gt represents a cell and the value of the diat s the mdication ot withm
which connection the cell s located. A sinular code was developed tor the method mputs. The logie was
tested on a Wang computer system betore mstallation on ASPT, wineh s standard procedure tor new
sottware. Dhis new input approach required additional software logie to break down the mput codes, but
reduced the DATAPOOL requirements from 160 to only o Only the seat pan was used, as it was assumed
that the backrest cells could be similarly connected of necessary or desned

Inputs

Cell connections are established through a -dimensional array named ASCNCODE. This wnput s
composed of tour numbens of tour digits each (dimensions 1o 4). Each number represents a row ot cells,
cach digat represents a cell and the value of the digit indicates in which connection the cell s to be located

he best way to visuahize the input scheme s to (a) draw a sketeh of the seat 1o be sunulated, (b)
supenmpose the To<cell seat, and (¢) assign the same connection number to cach cell which fits wathan a celt
of the seat to be simulated. For example, a seat to be simulated is composed of 4 cells. Steps (1) through
(3) are ustrated i Figure 30 Thus the inputs would be

ASCNCODE (1) = 1122 (represents 1st row of cells)

ASCONCODUE (2) = 1122 (represents 2nd row of cells)

ASCONCODE (3) = 3344 (represents 3ud row of cells)

ASCONCODE (4) = 3344 (represents 4th row of cells)

Another example, simdlating @ seat with taaslating plane, but stattonary  tuberosity cells (10, 11)
lustrated i Figure 30 Inputs become

ASCNCODE (1) - 1111
ASCNCODE () - 111
ASCNCODE (3) - 1221
ASCNCODE (O - 111t

Once a connection of cells 1s made, there needs to be a method of caleulating the deswed excursion ot
all cells withmn the connection since each may have a difterent caleulated command from the ongmnal
program logic. In trving to develop all possibilities, it seemed most logical to average all calculated
commands (from onginal program logic) and replace the commands with the average of all cells within the
“connection.” Additional options are deactivation (neutral 0.0 excursion command), maximization (all
cells get the highest command within the connection) and mumimization (lowest command tor all cells
within the connection).

Cell connection methods are established through a two-dimensional array named ASMECODE. This
wput s composed of two numbers of tour digits cach (dimensions 1 to ). The fist number represents the
fist four connections and the second number represents connections S throngh 8 (maximum of ¢ight
connections). The value of the digit indicates how the excursion of the cells within each connection is to be
calculated ( Table 1)

lable 1. Cell Connection Code

Vatue of Digit Method of Calculation
0 No connection
| Average excusions w'r connec ion
P Deactivate excursions w 't connection
3 Minimize excurstons w't connection to that of

least cell excursion
4 Maximuize excursions w/t connection to that ot
greatest eell excursion

o
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For example, e weterence to the previous tourcell device example (Fymie 300 the tour cells i each
connection were destred to be averaged, the mput would be

ASMECODU (1) TEEE Caverage all 4 connections)
ASMECODE () Q000 (only 4 connections)
In reference o the other previous example (Fipme D)0t the cells simalating a plane (connection #1)

were destred o be averaped and the cells simulating the tuberosity cells (connection %0 were desired o be

deactivated, the mputs become

ASMECODLE (1) -~ 1200
ASMECODE () - 0000

After the successtul test on the Wang computer svstent, the logic was converted mto FORTRAN
language. From Geseat program computer histings, a pomt was tound where the commands o the Gaeat
bellows were i final form

These commands were used as the basis for caleulating new excursion patters, sinee all the duve
pltasophies will have been ncorporated wmto the inal commands: The connection logie was mserted after
this pont A patameter called ESCELCT was added o skip over the added connection lopie when set to

“EALSE™

In onder o be accessible trom the CRT displavs, ASONCODE (D ASMECODE (), and ESCELCT
were added o the DATAPOOL common block. Another step was necessany betore the vanables could be
accessed by the CRT monttors: A “datapool deck™ was developed assipmey the vanables a place w the
datapool storage and assipning o cach element of the atay a disciete name: Thus the toue elements of
ASCNCODLE also become reterenced by CNCODEOL, CNCODEOY, ONCODEO R and CNCODEOE The two
clements of ASMECODE become MECODEOT and MECODEQO?

1t was then possible to develop a “page™ tor CRE real tme display - A page™ s an alphanumene CR11
display of selected ASPT DATAPOOTU varables trast whieh values may be displayed. entered or chanped
through the CRT Kevboard (Faconti & Fpps, 19750 The CNCODE, MECODEand ESCELCT vanables
were displaved on one CRU page along with the output ot the Geseat program for cell excunions . Phe page
was used o conveniently test the operation of the program. After a tew tials and conections, the
connection logie was exccuting propethy

Drive Philosophy Considerations

In using the eal-time capability . the upact upon dove phiosophies was kept i nund Wath wespect
to tanslation dove, there were no problems. The “manmuze™ method code was used tor cach connection
to obtam the tull eftect. For seat plane onentation duves, thee was no problen as long as cach connection
emploved the same connection methods, that s all were averaged. all were masimeed, o all wewe
minimzed, Averaging appeared o be the best approach tor approximating the desied plane anple Any
connection scheme will necessanly produce greater step merements trome cell to cell and thus the qualiny of
plane angle onentation

A vahid contouring scheme was the most ditticult duve pldosophy o mamtan with connected cells
An exammation of the sy contour profifes (hron, E97S8 ppe S S8 shows that no seat contou s present
for the vanas aceelerations, but that contounng s probably sipificant for aceelerations along the vy and ¢
anes. The most mportant cells e numberns 10 and HE whieh e Tocated duectly below the asehaal
tuberostties, o bony - protiustons ot the pelvis - Assuning that the present contounnge scheme s an
inportant factor tor the total duve system, then any connection contipuration should enploy cells 10 and
L1 sepanate connections and preferably alone tory anis aceelerations Heshould be keptm mand that the
amount of contribuation of cach factor can be vaned through existing parameters. The expermenter must
also be alert (o subtle needs for mamtamimg contonnmg sehemes sothat relative excuion ditterences and
drive philosophies are maintained Thus, the genetal concluston was that the existing denve phidosophies and
logie need not be attected it the connections are made with attention (o the above consuderations

10
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Ihe development of this software has made it possible to use the ASPT seat to wsestigate simpler seat
geometrtes. However, betore simpler scat configuration wesearch was begun, a need arose tor a ditferent
type of seat simulation. The Advanced Systems Division began the development of an advanced Gseat in
June 1970 and tound the soltware described i this weport o be most beneficial o the study of the
advanced seat on the ASPT. The mnplementation of this sottware and the subsequent simulation of the
advanced seat is the subject of Section UL of this report

L ALCOGS CONFIGURATION SIMULATION ON ASPL

Background

lu recent vears sunudation subsy stems have become avadable and successtully used o reinforce the
Kinesthetie stimuli avalable from motion systems: 1 as thought that i addition o a reinforeing role these
subsystems provide an enichment of the sense of Kinesthesis by adding their own unique complement ot
cues o the total cue aggresate. These subsystems have become known as the Gaseat, Gsug, and seat shaket
subsystems. o June 1970, the A Foree awarded a contract o the Singer Company Link Division to draw
these three echnologies together into one package called the Advanced Low-Cost G-cuing System
(ALCOGS) while simultancously designing to improve the pertormance of cach subsystem at a reduced
cost. Software drive analogies are to be reviewed and updated where possible by information developed
stnee delivery o the tist gencration Geseat, Gesutt, and shaker subsystems. The ALCOGS is to be installed
as part of the AFHRLE Advanced Systems Division Stinlation and Training Advanced Research System
(STARS) complex and used tor continued research into G-cuing utility .

ALCOGS Seat Pan and Backrest Compounents

The ALCOGS (Figue 2) emplovs as seat subassembly ttems: (a) a hy dranlically actuated seat pan
cushion subassembly, (b) a hydaulically operated lap belt, (¢) a hydraulically actuated backrest cushion
stbassembly ) paesinatic fimnes celt pressute and area of contact devices for both seat pan and
backrest cushion, (¢) total seat trame butter driven by a sepatate hydranlic actuator, (0 a pneumatically
actuated Gesut, and (2) a passive shoulder harness

I the case of posttive Gs o headwards (HG2) vertical accelerations, the tinmness bladder will deflate,
thereby increasing the pressure on the buttocks, and particulatly the ischial tuberosities, by lowenng the
subject onto the upper plane. For negative G's o footward accelerations the firmness bladder first will be
wilated 1o the nominal 16 state, and then the upper plane will be translated up vertically to enhance the
bladden’s onset cue and alter the relative eye position. The roll and lateral cues will be similarly enhanced
by selective mtlation and detlation ot the side-by stde cells.

1t should be noted that the mteraction of the dualcelled firmness bladder with the rased surtaces
located outboard on the upper plane serves to cause these surtaces o contact the flesh of the seated
subject’s thigh i much the same manner the fiust generation Gaseat active thigh panels (Figure 1) contact
the thigh flesh areas According 1o the arca of contact hy pothesis, under mereased G loads the firmness cells
progressively detlate mducmg an merease e the buttocks/seat arca of contact. The st generation Gaeat
clevated s thagh panels under ke conditions: Sunilaely tor rightwards seat aceeleration or toll vight wing
down, the lett fimness bladder is progressively deflated causing increased buttocks/seat area of contact on
the lett side of the seat. Under sinilar conditions the fiest genetation Geseat elevated its lett thigh panel
The fiomness cell approach appeared as b it could yield taily strong pressure and area of contact stimuli
and also displayed strong potential for providing a well integrated, continuous stimuli throughout the
buttocks area.

Phe backrest cushion illustrated i Figuee 2 will employ, Like the seat pan, the upper/lower plane

concept and display the basic capability of moving in three degrees of freedom: (a) tip, which causes the
backiest cushion to be rotated about an axis which extends laterally across and i the plane of the backrest
cushion, (b it which canses the backrest cushion to be rotated about an axis in the plane of the backest




T

cushion and perpendicular to the tip axis: and (¢) surge, which causes the backrest cushion to translate in a
direction normal to the nominal backrest cushion surface orientation.

In Keeping with the beliet that arca-of-contact stimuli are very significant in the lower backrest during
N-axis aceelerations and are Likely to become more important as seat recline increases in high-G aircraft and
the backrest is made more responsive to z-axis aceeleration, a radial drive element has been located in cach

of the lower comers of the back cushion upper planc. It is felt that active clements are needed here to

provide the degree of area-of-contact change found beneficial in first-generation G-seat backrest contouring.

The backrest cushion will also employ a firmness bladder: however, it will contain only a single cell as
! opposed te the dual cell emploved in the seat cushion. The backrest firmness bladder will overlay the upper {
i planc and be used to generate pressure varation stimuli i the region of the center of the back. The
operation of the backrest firmness cell will be similar 1o that of the seat pan firmness cells — under
thrusting conditions, the cell will deflate so as to permit the pilot’s back to be supported on the rigid
backiest upper plane.

Need and Objectives for ALCOGS Configuration Simulation

\ number of approaches to the problem of providing an ALCOGS have been considered. Many
approaches can be rejected out of hand as oversimplifications of satety hazards. However, there are also
many coneepts compatible with the type of mechanization desired and possibly worthy of development
even it they are only partial contributors to the overall G-cuing system.

The selection process was difficult in that each of the concepts has merit and some are not necessarily
mutually exclusive with respect to others. In some cases, contending configurations show little difference in

potential success.

Although evaluation of existing G-seats is by no means complete, experience reveals that G-seats
provide cues by turnishing:

I A differential pattern of pressures on the buttocks. thighs, and back corresponding to tilting the
seat pan and seat back.

2 Avaration in - the amount of arca of the buttocks providing support of the crewman's weight.
This variation ranges from concentrating the crewman’s weight on his ischial tuberosities. or diffusing his
weight over the entire buttocks.

3. Perceived tightness of the seat belt.
| The proposed ALCOGS design theoretically provides all these cues/sensations., is applicable to seats of
various aircraft simulators, is elegant in its simplicity. and will provide low life cycle costs.

Thus, it was decided that an attempt to simulate the configuration and operation of the ALCOGS
through modification of the ASPT G-seat would be appropriate. It was expected that the simulation would
provide a preview into what can be expected from the ALCOGS, so that cither the proposed ALCOGS
design could be validated. or ineffective components identified, and alternatives suggested well in advance
of hardware/software development.

Approach to ALCOGS Configuration Simulation

It was initially planned to perform the simulation using the software (discussed in the first half of this
report) to connect appropriate cells. However, due to the unique nature of the ALCOGS (plane drive and
firmness cells), it became apparent that an adequate simulation could not be performed by only connecting
the cells. An alternative approach was developed which employed flat metal plates attached to the ASPT
seat. The plates simulated the seat pan and backrest upper planes of the ALCOGS (Figure 2). Wood thigh
wedges were attached to the plates to simulate the thigh wedge design of the ALCOGS (Figure 4). Two
metal plates were made. one with a cutout to permit excursions of ASPT bellows which would represent
active tuberosity elements. The other plate had no cutout and raised blocks were added under the
tuberosity areas of increase pressure as the firmness cell deflated.




Figure 4. Front view of exposed ASPT G-seat bellows.

Frrmness cells sumilar to the ALCOGS proposed fiumness cells were provided by Singer-Link tor use

the ALCOGS contigurations simulation. The fimness cells were attached to the seat pan and backrest

plates and he over the thigh wedges (Figure S). Thus, many of the major hardware components ot the

ALCOGS were simulated

The firmmess cells. however, are a relatively new coneept with no analogous component in the ASP1

Geseat. Tt was necessary to dive the firmness cell i a logical and valid manner in order to propetly simulate

the operation of the ALCOGS. Fortunately, smee the metal plates were to be overlad on the ASPT an
bellows, the need tor many of the ASPT bellows (and all ot the ASPT thigh panel cells) was ehmmated. The
poncumatic hoses connected to the unused ane bellows could thus be attached to the tirmness cells ton
intlation or deflation control (Figure S)
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Fiewre 5. ALCOGS simulation — metal plate taped over bellows with wooden .
- s 4 |
thigh wedges. tuberosity blocks and firmness cell exposed f
|
|
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Software Development tor Firmness Cell Control
\ppropriate software was required i order to provide control of the intlation of the firmmness cells
4 lovical manner coordinated with the other system components. As o new and unigue device. the Geemng
Canabitities of the firmmness cell were unknown T could be assumed. however, that thE AN Pressuie |
|
sensation would ocenr when the firmness cell was near total detlation Gschial tuberosities full contact {
with the pressure blocks on the metal plates) |
| !
Conversely . the mnimum pressute sensation would occur when the buttocks are ratsed ot the metal {
nlates by inflation of the tirmness cells. Thus, arelationship between fromness cell mtlation and sensed |
—
buttock pressure (Gecues) was established by the tollowing methods with o series of subjects
14
|
|
|
|




E-
E

E

1o 1e was assumed that the relationship s continuous with no flexig (e, it can be approxmated by
an equation of second order).

Y Ihe firmness cell was inflated until the subjeet’s buttocks were just oft the metal plates and no

decrease n sensed pressure was produced by additional intlation (munimum buttock peak pressue)
3. The firmness cell was deflated until a maximum pressure was sensed by the subjects (maximum
buttock peak pressure; maximum positive G-simulation).

4. Between these two points, the subject estimated the point midway between the maximum and
minimum sensed buttock pressures.

So A Geeue level was assigned (o the maximum pressure sensation and a G-cue level to the nunimum
pressure sensation,

The peneral relationship expression is:

P AGH + BG O
where G osensed pressune levels on buttoeks (to become commanded G-cues from flight equations)
P timness cell inflation pressure corresponding to sensed pressutes, G
AL B C - coefticients determined by analysis of results from steps | through S above.
It the welationship s linew
Ao
B slope of welationship plot
and Crepresents pressure requured to mamntain the normal 1G states as the zero (1G) plot intercept
It the welationship is non-linear:

A and B are not casily discerned from plots, but may be caleulated from a set of data from the
previous steps 1 through S,

C meaning is maintained as the TG state pressuie.

As previously mentioned, the thigh cells pneumatie lines were to be used for controlling tirmness cell
wilations. The ASPT thigh cells normally react to vertical, longitudinal, and lateral accelerations i a
coordinated fashion. The drve philosophies for these excursions are similar to the overall dove philosophy
of the firmmness cells. Thus it was decided to use the existing sottware and commanded excuisions to the
thigh cells as the basic representation of the conmanded G levels for the fimness cells. The lateral,
totational, and vertical components of the thigh cell commands would be apphed to the seat firmness cells
and the Tongatudinal component would be applied o the backrest. A pneumatic hine, trom the lett thigh
cells, was connected to the left fimmess cell off the seat. A pneumatic line, from the nght thigh cells, was
connected to the nght firmness cell of the seat. Another thigh cell (31 pneumatie Iine was used tor diving
the backrest fiemmess cell 10 was anticipated that the thigh cell sottware commands would not be diectly
apphicable to tivmness celt operation: thewetore, attenuation tactors on longitudinal and lateral components
were added to the soltware

Onginally. 1 was beheved that a bias factor on excursions would be appropriate, but subsequent
analysis showed that 1 has no usetul function that cannot be pertormed by the C term i the previous
cquations. It was deleted i tuture work o reduce confusion

ASPT G-Seat Maoditication

At Withams AFB. Anzona in October 1976, the soltware was mstatled and the pressures (dehivered to
the ASPT Goseat thigh cells) were tested (Figure 0). 1 was dectded (o use the pncumatic line pressures of
cell 31 as the backrest fiomness cell duve, cell 27 pressues tor the fett halt of the seat fivmness cell, and cell
29 pressures for the nght halt of the seat tiemness cell. The metal plates it the seat and backrest well with
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Figwre oo ALCOGS simulation  seat pan and backrest metal

plates and firmness cells.

the exception that the comers of the seat plates had to be trimmed to avord any possiblity of eanng the
seat’s coverme materal CRT real-tiie monttor paves were developed e order to have all needed and
conmvenient parameters  dasplaved and changeable on one o two o pages labeled “ALCOGS

CONFIGURATION SIMUL ATION™

Iewas decided o “gate down™ the pressures of the thigh cells so that a TG Tevel would commuand a
pressure of 175 pse Phis value had been determuned as that needed to mamtam sheht wehial tiberosin
contact with the metal plates from previous firmness cell expermentation at Smger Link and contumed at
AFHIRE ASM Wiehe Patterson ALB (see A\ppendin BY By adjusting the CONOFTOW valves to 17S pagat
a nomal 16 ostate. the need for the C erm vatue i the previous equations was chiminated 10 was now only
necessay to determime the v and or B coethicients of the relationship between sensed buttock pressures
from the firmness cells and thigh cell excurston conumands (related duectly 1o Geue commands) The
pressures delivered by the pneumatic hines anged trom O o manimuam Geeue (corresponding to nummunm
thigh celi excursion and munmum femness cell mtlaton) (o 1S at the notmal TG state




The metal plates, thigh wedges, and fienmess cells were mstatted over the ASPT Gaseat mosaie cells. A
software program change was made to permit Geseat software to be “detached™ from dynamic thight imputs
such that rotational parameters and specitic constant G levels could be mput tor the x, v, and 2 axes
without “tlying™ ASPLT.

Static Evaluations

The firmness cell cuing capabilities were tested with vartous subjects using only the firmness cell cues
by deactivating the seat and backrest drives (see Appendin B). Atter being given examples of maxmmum G,
minimum G and other G levels, the subjects were able to distingush quite well the random G levels mput. G
level inputs were varied i the X, v, and 2 axes at fist separately and then i combinations ot unknown
magmitude to the subjects. The duections, sensations, and magnitudes ot aceelerations seemed correct. The
results immplied that as a result of gating down the CONOFLOW pressures to 175 pstat LG the relationshap
between sensed buttock pressures and tugh cell excusion commands was approximately a straght line
with slope of 1 (B= 1, A= 0, a linea relationship). Thas result also contirmed preliminarny testing at
Wight-Patterson AFB, OHL

Tests were then repeated with seat and backrest planes active with equally successtul results
However, a bias factor was added to backrest fimmness cell operation to lower the 1G stght-and-level
backrest pressute from 175 pst (to appronimately 125) This biasing seemed to mminize or eliminate a
problem ot conthicting stumuh (contouring vs. pressure) caused by the overpressunization. It was later
discovered that the bias factor would also decrease  the range of the fumness cell esponses, but i this case
iwas not o a significant degree.

Drive Philosophy Research

During the testing, a question had atisen as to the propriety of the backrest movement i esponse (o
aceelerations along the N axis (same drive philosophy as used in the first generation Geseat under thrusting
conditions; backrest pivots torward about a latewal line positioned slightly above the top ot the backrest). In
response, a set ot baseline data (Appendin B) was taken with the backrest plane duve unaltered. The data
consisted of estimating x-axis acceleration magnitudes and ditections when wmput by an expernmenter. A
tepeat ot the tests was made with the backrest plane dove reversed and amplitied such that, upon thiusting,
the upper part of the backrest tilted att. The data (Appendin B) continmed the validity of the baseline
tongmal) drive,

Using the baseline drive with respect to backrest plane directional movement, data (estimations of
direction and G magnitude) were taken in baseline amplitude (gan) and double the baseline gain conditions
(Appendix BY. Again, a4 retum o the baseline gain configuaation was made based wpon subjective
conments.

Dvnamic Evaluations

A 1 Saanute demonstration tlight was tecorded to compare the fuist generation ASPT Gseat (cockput
B) to the moditied seat (cockpit A The demo thight exercised the averatt at lagh G and rotational rates
all axes, including braking, thrusting, volling, yawing, negative and high +Gomancuvers. The demo was
replayed for subjective evaluation with subjects first experiencing the first generation (ASPT) Gseat, then
the modified (ALCOGS) seat. Full visual simulation was provided but plattorm motion was ottt during these
evaluations. The drve configurations were not wdentical tor ALCOGS and ASPT for two reasons

1. The ALCOGS moditied seat cmployed ol velocty as a dive soutce; the ASPT seat uses oll
aceeleration

Y. The computer demo configuration seemed to be overwriting a 2 axis control parameter aftecting

(mimmizing) the seat pan plane response to 2 aceelerations on the modified seat. This was a permanent
change to the sottware and it was not moditied tor the demo. Subjective compatisons were recorded and
comments related to the above configurations were summarized




Results and Recommendations

Having experienced the maximum accelerations to which the ALCOGS seat simulation is scaled,
subjects are able to report G-level direction accurately nearly 100% of the time. G-level magnitudes with the
modified seat are estimated quite well even in multicomponent acceleration conditions.

Pressure sensation on the ALCOGS seat in localized areas is very strong and perhaps too strong.
Conversely, area of contact changes are subjectively too limited. A trade off of the increased pressure for an
increased area of contact concept was recommended. The first step in this direction was a height reduction
or elimination of the passive tuberosity blocks such that only a flat plane remained. The next step was the
consideration of a contoured seat pan. In the case of the backrest, consideration was given to a concave
plane with the center of the concavity located about one or two inches above the pilot’s belt line.

Although not unanimously voiced, a number of subjects felt that the passive raised ramp thigh panels
did not provide the magnitude of cue desired and in many cases could barely be felt at all. The thigh ramps
(Figure 5) used in this study rise to 3/4-inch height at the outboard edges and the tuberosity blocks were
1/4-inch in height leaving only a 1/2-inch differential. The subjective feeling is that tuberosity blocks tend
to hold the body up off the seat pan upper plane and this fikefy tends to diminish the perception of the
presence of the thigh ramps. Elimination of the tuberosity blocks should, theretore, also help to eliminate
the thigh ramp problem. However, thigh ramps with outboard elevation in the 1.25-to 1.5-inch region
should be tested and will probably be required.

The active thigh panels of the first generation G-seat are definitely perceived and, although there is
some argument among the subjects as to whether this is a valid replication of the sensation in the actual
aircraft, there appears to be agreement that the thigh panel activity aids in cuing and perception of aircraft
acceleration magnitude and direction. The single flight rated subject who experienced both the ASPT and
modified seat opined strongly for more outer thigh stimuli than that provided by the modified seat.

It appears to be important to insure that the firmness bladders position the subject (under 1G straight
and level conditions) such that the ischial tuberosities and spinal regions are in close proximity to the rigid
plane under the firmness bladder. If not, a very confusing cue occurs during the initial phase of firmness
bladder exhaust where skeletal structure settles to the plane. The present concept, although not fool-proot,
calls for a subject weight bias to automatically make this adjustment from one subject to another.

The differences between CONOFLOW response in pressurization vs. exhaust cycles was detected by
most subjects particularly in firmness bladder drive. The CONOFLOW performed above expectations in
linearly adjusting pressure in a difficult region ( 0 — 1 psi). The ability to exhaust lightly loaded areas
(upright backrest) was better than expected. Neverthefess, these are unsatistactory in firmness cell
utilization since exhaust to subatmospheric conditions is a necessity.

Only one of the two air inlet passages to each of the seat pan firmness bladder compartments were
utilized. Only two of the scheduled four inlets were used in the backrest bladder. At least one subject noted
low-pass type response as air *“‘crept into” the bladders. It will probably be necessary to add two additional
inlets to each of the seat pan compartments at the forward portion of the compartment. All inlets must be
either manifolded into the upper plane underlayment or routed through metal tubing affixed to the
underside of the upper plane.

There was not enough time to permit evaluation of all configurations as initially planned (such as
active tuberosity drives), but additional research will be conducted after the existing data are analyzed and
research needs are established.

Contoured Seat and Motion Consideration

The concept of contoured seat pan and backrest forms was investigated on the ASPT in January
1977. During this session, three specific interests were evaluated:

1. Fvaluation of the interaction between the firmness bladder concept when employed in the
presence of an active motion system.
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Evaliation of the finaness bladder concept when the tumness bladder overtavs a ttat plane whadd

does not contam passive , ransed tuberosity blocks

Vo Bvaluation of the tirmness bladder concept when used with contoured underlay ments (bigures o

N N)

Several problems plagued thas rescarch but the results and conclusions ot these evaluations are

| e appears to be erther a neutral or posttive (hut not negative ) interaction between the ASPI
otton systent dove scheme and the fiomness bladders (dependent upon which axis s m question)

' The ALCOGS simulation rescarch i October 197

O mndicated  excessive  pressure sensatiot
avatlable with the 14 anch tased tuberosity blocks

Fhis evaluaton (anuary 1977) with no tuberosin
blocks mdicated that there was

alack ot buttocks pressure sensation The obvious conclustion s that
1 1 lo- by

t no-block pohicy

pethaps a tl

The contoured seat pan (bBrgure 8) vastly incrcased the sensation of area of contact changes but

amount of contour should be less than that emploved i thas evaluation (o about 112 by |

Vbanches on the seat pan and 3 banch on the backrest). Pressure cues are nearly totally lost when sudt

heavy contounng s cmployed. Contmued rescarch with the contoured seat pan and backrest (bigures 9
LY clements will be pertormed at AFHRLESAS with the ALCOGS

Figure 7 ALCOGS simulation on ASPT G-seat; plates and firmness cells in place

1o

I Nanch bloek should be ecmploved i the ALCOGS and evaluated betore adopuny







Figure v

Contoured backrest

plane view
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IV. SUMMARY AND CONCLUSIONS

G-seat configuration simulation on the ASPT has resulted in the following conclusions, as observed by
the researchers/subjects:

1. The ALCOGS approach tends to provide a more integrated, continuous sensation ol a seat
structure than does the first generation, ASPT-type seat. The individualism of the drive components of the
first generation Geseat seems to be perceptible.

2. There appears to be either a neutral or positive (but not negative) interaction between the ASPT
motion system/drive scheme and the firmness bladders, dependent upon which axis is in question. This
conclusion supports the utility of this concept.

3. The active thigh panels of the first generation seat are definitely perceived and although there s
some argument among the subjects as to whether this is a valid weplication of the sensation in the actual
arrcraft, there appears to be agreement that the thigh pancl activity aids in cumng and perception of atreralt
acceleration magnitude and direction. The passive thigh wedges rise to 3/4anch height at the outhoard
edges and should, perhaps, be up to twice that height to be more effective

4. Tuberosity blocks appear to be ettective even if passive. However, it was lound that 1 /4anch
high blocks were too excessive and that no blocks provided a lack ot sensation. Imtial ALCOGS tuberosity
blocks should rise to a medium range, perhaps 1/8-inch.

5. Having once experienced the maximum accelerations to which the ALCOGS seat sumulation s
scaled, subjects are able to report Geevel direction accurately nearly 10077 of the time - Geevel magnitudes
are estimated quite welt even in multicomponent acceleration conditions

6. Pressure sensation in localized arcas is very strong and perhaps too sttong. Conversely . area ol
contact changes are too limited. A trade off ol the upper portion of the pressure-anducimg capability to
increased arca of contact is definitely required. The first step in this direction s a hewght reduction ot the
passive tuberosity blocks. The next step is the consideration of a contoured seat pan upper plane . In the
case of the backrest, consideration of a concave upper plane with the center of the concave located about |
or 2 inches above belt line should be considered.

7. The contoured seat pan vastly increased the sensation of arca of contact, but the amount of
contour should be less than that employed in the evaluation. Pressure cues are nearly totally lost when such
heavy contouring is employed.

8. Poor response performance of the CONOFLOW valves in pressurization vs. exhaust cyeles was
detected by most subjects, particularly in tirnmess bladder drive. 1t seems doubttul that CONOETOWS will
be satisfactory in tirmness cell utilization.

9. Although the firmness cells alone provide a portion of the cuing complement, seat upper plane
movement vastly improves the subjective impression of the simulation.

10. By virtue of these demonstrations, the principal tnvestigator leels assured that proposed Geseats
for future simulator programs (employing ALCOGS-ike Geseats) could be simulated on the ASPT in much
the same manner the ALCOGS was simulated. “his simulation would allow the contractor the opportunity
to set up a baseline configuration of his Gesea. hardware and software and allow tactical aireraft pilots the
opportunity to evaluate the proposed Gesealt.

REFERENCES

Faconti, V., & Epps, R. Advanced simudation in undergraduate pilot traming Awtomatic instructional
sestent, AFHRLEZTR-75-59(1V), AD-AOL7 105, Wright-Patterson AFB. O Advanced  Systems
Division, Air Force Human Resources Laboratory, October 1975,

Kron, GJ. Advanced simulation in undergraduare pilot training: G-scat development. AFHURL TR-7S
SO, AD-AO017 468. Wright-Patterson AFB, OH: Advanced Systems Division, A Foree Human
Resources Laboratory, October 1975,

N TR A




APPENDIX A: GENERAL DESCRIPTION OF THE ASPT G-SEAT | f

A general description of the ASPT G-seat and its drive philosophy is presented here. A more specific
discussion (Kron, 1975) covers the entire G-seat development.
ASPT G-Seat Components

The existing G-seat in the ASPT is composed of the following basic elements (Figure 1):

1. Seat Pan Cushion. A 16- by 16-inch seat is formed by a mosaic of sixteen square metal air
bellows.

2. Backrest. A 16 by 23-inch backrest is formed by a mosaic of nine rectangular metal air bellows.

3. Thigh Cells. On top of the seat pan in upholstered containers are two thigh panels, each composed
of three plastic air cells. The cells are fabricated in such a way that their excursion strikes an arc.

4. Lap Belt. The lap belt is driven in extension and contraction. The seat is also equipped with a
standard shoulder hamess. Although thisdevice is not actively driven, there is some coupling of the lap belt ‘
drive into the shoulder harness because the lap belt buckle also serves as a terminus for the shoulder straps.

5. Upholstery. The seat pan, backrest, and thigh cells are overlaid with a 0.5-inch-thick layer of
closed cell foam padding. The seat is upholstered in canvas duck with side panels of clasticized material to
permit cushion movement. Cushion zippers permit entry to the internal air cells.

A pneumatic control assembly provides individual pressure control of each one of the 31 drivable
cushion-elements as well as the lap belt. The air cells and lap belt respond to G-seat software drive
i commands with pressure changes which are continuous in nature. The lap belt actuator, the six thigh panel 1
i air cells, nine backrest air cells, and sixteen seat pan air cells are all treated as excursion devices. The
amount of excursion is controlled by the pressure of air delivered to the device. The desired pressure
command is calculated by the G-seat software from flight model acceleration calculations (translational and
rotational) transferred from the aircraft center of gravity to the pilot station axis. A fundamental premise in
formulating the G-seat software is the concept that seat position is directly proportional to aircraft
acceleration. In the normal 1G state, the seat is maintained at a neutral point which is formed when the air
cells and lap belt are near the mid-points of their respective excursion ranges. In general, the seat should
“fall away™ from the areas of increased flesh pressure normaily resulting from seat/subject acceleration. An
exception to this rule is the contouring concept wherein localized areas of the back and buttocks are
subjected to increased flesh pressure. The mosaic form of the seat permits the seat to fall away from general
areas of increased flesh pressure, yet within that same area, locally increase flesh pressure by altering the
shape of the G-seat.

ASPT G-Seat Drive Philosophies

The major software drive concepts are translation, plane orientation, and contouring. In seat trans-
lation, the elevation of a complete set of cells, either (or both) the seat pan, or the backrest set, is caused to
translate in unison a uniform distance. In the case of tlie seat pan, the translation abides by the activity of
the z-axis acceleration component. Positive (headward) acceleration produces decreased seat pan air cell
elevation and negative (footward) acceleration produces an increase in seat pan elevation (simulates being
lifted-out of the scat). The backrest cells are sensitive in a like manner to x-axis accelerations.

In seat plane orientation, the plane formed by a complete set of cells, either or both the seat pan set .1
or backrest set, is caused to be reoriented. The key to the reorientation is the seat pan plane, which is
driven so that it approximates an orientation normal to the total acceleration vector, including the gravity
component. The plane of the backrest is driven in a complimentary manner.

Either or both the seat pan and backrest may be caused to assume a contoured shape which produces
a flesh pressure redistribution thought to be compatible with body response to acceleration along any one
axis or combination of axes. The degree of contouring is governed by the magnitude of the acceleration 3
component along each of the seat axes.
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The thigh panel cell excursions respond to any or all of the lateral, longitudinal, and vertical
acceleration components. For example, when the seat pan is caused to settle under headwards aircraft
acceleration conditions, the arc struck by the thigh panels is caused to increase, bringing more of the seat
into flesh contact and enhancing the feeling of “settling into the seat.”

ASPT G-Seat Flexibility

The ASPT G-seat was designed to provide experimental flexibility as a general-purpose research
model. Each of the basic G-seat drive concepts contain control parameters which may be easily altered by
the experimenter. By way of example, these parameters provide the following latitude of control:

1. Permit each concept, on a per-axis basis, to be included or deleted from the overall drive scheme.

19

Permit the intensity of each concept, on a per-axis basis to be varied.
3. Permit the contouring schemes to be altered for acceleration along each axis.

4. Permit drive reversal within each concept on a per-axis basis. These and other control parameters
are maintained in software files for ready retrieval. It is possible for the experimenter to alter the complete
structure of the G-seat drive model in real-time without imposing long reinitialization delays upon his
subject. An extensive CRT system allows the experimenter to access, monitor, and control software status.
The CRT system possesses color capability and can present graphical displays, as well as alphanumeric data.
Keyboard entry units, as well as display units, are located in both cockpits and at the advanced instructor
station console, normally considered the base for the experimenter.

26




!
|
1

N o Al i B D e AN - gl ke g ISR L SRR R - — v

APPENDIX B: ALCOGS CONFIGURATION SIMULATION DATA

The following tests were performed on the modified G-seat. The actual data are given for each of the
tests.

Test #1. ALCOGS Firmness Cell Calibration

The subject is seated on the deflated (0.5 psi) seat pan firmness cell without tuberosity blocks. The pressure
at which the subject perceives being lifted just oft the seat is determined and called the 1G state. A pressure
of 0.5 psi is called the maximum G state. Starting at ecither of these two end points, the pressure in the
bladder is changed. The subject then states what percentage of max Gs he is experiencing. (1G = 0%, max G
= 10000)

Subj. No.  Subj. Wt. Condition Perceived 1G Pressure

1 175 1b. 1G Threshold Pressure 1.9 psi
2 185 Ib. 1G Threshold Pressure 1.8 psi
3 215 1b. 1G Threshold Pressure 1.9 psi
4 178 1b. 1G Threshold Pressure 1.6 psi

Figure Bl summarizes the G estimation data gathered on 4 subjects.
Firmness Cell Pressure Data Summary
Backrest Firmness Cell with bias (Subj. 1)

Threshold -~ 0.8 psi
“Knee of Curve™ - 0.2 psi
Saturation — 0.1 psi

Seat Pan Firmness Cell Pressure G Relationship

Right Side Left Side
lg=1.7 psi 1g=1.75 psi
2= 1.2 psi 2g=1.3 psi
32 =0.7 psi 38 =0.8 psi
4g = 0.25 psi 4p = 0.4 psi
Sg=0.1 psi Sg=0.2 psi
6g =0 psi og = 0.1 -0.2 psi

Test #2: ALCOGS Firmness Cell, Thigh Wedges, Tuberosity Blocks - Calibration Data Summarized on
Figure B2.

The subject was seated in the ASPT cockpit seat which was fitted with a backrest firmness cell, seat
pan firmness cell, tuberosity blocks, and thigh wedges (Figure 7). The subject was taken.through the various
“G-levels™ in the three axes, X, y, and 2. Starting cach time at the nominal state (X=0, Y=0, Z=1), the
firmness cell pressures were changed and the subject conveyed what he thought the new state was, in terms
of G's. A linear relationship between pressure and G's was assumed.

Limits: 0<X<.25 (thrusting only)
2CY <2
6<7< |

Tentative conclusions on four subjects’ linearity on the dimpled firmness bladder:

e e

1
}
|
]




{ ‘suoneniea anssaxd y3noiyy uonewnss oy lappelq ued 1eag /g sty
ploysaiy] abeisany 3inssaly
0¢ i SL'L Gl GZ°'L o'l SL0 S0
r T T T = T
J
AL
> = S¢
| v,
4 -. .
V < 3
><
= o
\A
¢
@ / i
] Q
\/
< )
L]
N
X
)

ol

0z

o€

oy

09

0L

oot

#9,, XeW J0 %




ao

) AVERAGE ERROR IN ESTIMATING Gs WITH BLADDER

AND ACTIVE PLANAR DRIVE

(SUMMARY OF RESULTS FROM TESTS 2 AND 3)

X AXIS - 19.2% ERROR 0= X=.25
Y AXIS - 4.% ERROR 02<Y< 02
Z AXIS — 22.% ERROR 1.<2<6.

AFTER ADDITION OF BACKREST BLADDER BIAS, ERROR FROM SINGLE
AXIS TEST
X AXIS ~ 7.7% ERROR

Figure B2, Average ervor in estimating Gs with bladders and active planar drive. !

1. Ideal curve of subjective G's (Y6 max) vs. pressure in psi would be:

3 g
Geomax) = ————— (f lll)l)) + 100

| Proo Yo
|
| G =100 —(@ S forP o= S psi
: 1 14
3 1 ; B, = 1.9 psi

G = 100136 71 P)
{ 2. Actual linear regression curves have a more shallow slope.
Approx. G =100 (1 . 71(P  5)]  for subject |
1 1 & a P . Wtar
| G=100 1.1 So (P .5)]  torsubject 2
! G=100 1 57(P 9] forsubject 3
3. The actual curves have a second-order nondlinearity, appearing more shallow at the higher
pressures (lower subjective Gs).
Might tit equation by
G100 1 o SHenp 57
4. The standard deviation of the % G at any one pressure is about S7 o 10% - and increases for
higher pressures  lower 7 Gy,
S, There is some tendency for %6 G estimates to be higher tor increasing pressures (lowering ¢ Gs)
than tor decreasing pressures (hysteresis).
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! Actual (Gs) Perceived (Gs) Perceived (Gs)
Subject 1 Subject 5
3 )X =+0.08 “minimal” 0
f Y=0 0 1 (L)
2=-3 3 =)
5 ) X=+12 0
5 Y=+1(R) +.14
{ Z = —1 (normal) 2
| HX=+12 +.05
Y=+1(R) +.08
Z=-1 -2.5
4) X =0 Unsure A
Y=-2() -.19 —.1
Z=-3 Unsure 0
5)X=+.2 +.2
Y=0 +.05
Z=-6 ~51/2
6)X=+.15 “alittle x
, ¥o_J =15
3 7Z=25 2
Test # 3: Same as #2 with the addition of backrest and seatplane ASPT G-seat action. R = right, L = left
(Results summarized on Figure B2)
Actual (Gs) Perceived (Subj. 1) (Gs)
E | X =008 06
i ¥Y=0 0
' == ok
HX=0 07
Y=_20) —.18
Z=-3 ~1.5
‘ HX=.12 i)
: Y =.1(R) 12 (R)
Z=-1 -2
HX=2 13
Y=0 .05 ‘
= -6 51/2 ]
$HX =.15 07 £
Y=-1](L) —.1
Z=-25 3.5

Comments — Subject 1 (comments on test #3)

— On small excursions with roll, had trouble discriminating changes. (This is with seat plane
operational)

— No rotational feelings from backplane.




On backrest (x-axis ace.) 225G feeling right down spine to lower back solid  against backrest; slow
response felt from 0.0 to 0.07G with small positional change. Much quicker response and positional change
noted from 0.07 1o 0.12G.

In nominal 1G state telt as if stll on tuberosity blocks.

Thigh panels not noticeable.

Test #4° Static Perception Test Results on the ALCOGS/ASPT G-Seat

Backrest firmness cell was biased. (Bias = .3 in.): backrest plane was active. Starting at x = 125 (mid
range), Gs were varied from that point. Subject gave his estimate of the new value. (G level always returned
to 125 before inputting next value). These data plotted on Figure B3.
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Figure B3, Perception of X-axis acceleration using active backrest and bladder.
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Test #5: Alternate Backrest Drive Test

Same as #4, however backplane drive was changed to pivot from the bottom instead of the top. Start-

ing point was X =.125 Data plotted on Figure B4.
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Back rest drive schemes implemented in tests 4 & S
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