AD=ADT8 134  GRUMMAN IEROSPAC! CORP BETHPAGE NY F/¢ 173
CREW STATION DESIGN FACILITY FEASIBILITY STUDY,(U)

MAY 79 S LACARRUBBA 33615-?7-6-3061'
UNCLASSIFIED T77=38AF

T | ]
3




"m |0 &z s

— o= B

T
=" o

22 s e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




FILE COPY

€D
—

[

LEVEL?

AFFDL-TR-79-3037

CREW STATION
DESIGN FACILITY
FEASIBILITY STUDY

) 'n n?—]
- "_:_;4‘4_“
CEC 13 1973 l

TS"&FLU"‘CI‘EJ&"J

Grumman Aerospace Corporation E
Bethpage, New York 11714

May 1979

Technical Report AFFDL-TR-79-3037

Final Report for Period September 1977 — December 1978
Approved for Public Release; Distribution Unlimited

Prepared for:

Air Force Flight Dynamics Laboratory

Air Force Wright Aeronautical Laoratories

Air Force Systems Command
Wright-Patterson Air Force Base, Ohio 45433

99 12 10 voOOS




NOTICE

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation, the
United States Government thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

This report has been reviewed by the Information Office (I0) and is releasable to the
National Technical Information Service (NTIS). At NTIS, it will be available to the general
public, including foreign nations.

This technical report has been reviewed and is approved for publication.

.-la_mes A. Iji;haus, Jr.

Electronics Engineer

Terryw'J. Emerson
Acting Chief, Crew Sys Development Br

FOR THE COMMANDER

U & st

Morris A. Ostgaard
Acting Chief, Flight Control Division

"If your address has changed, if you wish to be removed from our mailing list, or if
the addressee is no longer employed by your organization please notify AFFDL/FGR,
W-PAFB, OH 45433 to help us maintain a current mailing list."

Copies of this report should not be returned unless return is required by security

considerations, contractual obligations, or notice on a specific document.

AIR FORCE/56780/16 November 1979 — 100




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
I A

READ INSTRUCTIONS
BEFORE COMPLETING FORM

2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

P

e

4 TIILEL

RIOP COVERED

GN FACILITY |

ATION
FEAS ILITY

Final Technical Repoete

UDY ¢ Sep #8377 »= Dec '78ﬂ

ESIGN FACILITY
- J

ORG. nsto%uua

—— .

o ——— u—-—"
e

7. AUTHOK(O} s OR GRANT NUMBER(e)

S. /LaCarrubba / :‘. N »
ra e, /2 | F33615-77-C-3067/
\7‘/“

9. PERFORMING ORGANIZATION NAME AND ADD/“ESS 10 ::OGQ‘A=°ELEMEN7 PROJECT, TASK
Grumman Aerospace Corporation Project C2£'546§-'!" fﬁE.J
Bethpage NY 11714 Task 220704

Work Unit 24030402

11. CONTROLLING OFFICE NAME AND ADDRESS > -4-42 - REPORT - OATE
AF Flight Dynamics Laboratory (FGR) /};\ May M79 j /7 ﬁ?//
AF Wright Aeronautical Laboratories, AFSC (“__‘,J;;r——‘f' e YT S —

Wright-Patterson AFB OH 45433 193

14 MONITORINQ AGENCY NAME & ADDRESS(if different from Controlling Office) 1S. SECURITY CL ASS. (of thie report)
UNCLASSIFIED

!,/{ / &7 /}

{ & s S o =

\ - a— / / 1Sa. DECL ASSIFICATION/DOWNGRADING
V™ i —— SCHEDULE N/A

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release; Distribution Unlimited

17. DISTRIBUTION STATEMENT (of the abetract entered in Block 20, If different {rom Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide if necessary and identify by block number)

LIGHTING SIMULATION FACILITY

HIGH/LOW AMBIENT ILLUMINATION SIMULATION
REDUCED VISIBILITY SIMULATION
TRANSLUCENT/OPAQUE LIGHTING ENCLOSURES

SKY SIMULATION
SUN SIMULATION
TERRAIN SIMULATION
MOTION SIMULATION

20. ABSTRACT (Continue on reverse slde If necessary and identify by block number) i .—1
'(&his report addresses the feasibility of a new and unique facility capable
of simulating the total range of lighting conditions experienced in
military aircraft crew stations during operational flight. The facility
would provide a means for evaluating the impact of extreme illumination
levels on the legibility of displays and instrument/panel lighting systems
to be incorporated in advanced crew stations. This facility would interface

with the flight simulation test facilities already established at the Flight -

DD ,%R%, 1473

EDITION OF | NOV 65 IS OBSOLETE
S/N 0102-014-6601

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Bntered)

BES5 5 Y/




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

(When Dete Entered)

_fontrol Development Laboratory at WPAFB. At the beginning of this effort,

| - i

“two baseline lighting simulation systems were selected for development. One

configuration uses an opaque dome shaped lighting enclosure with internal
sky illumination sources. The other configuration uses a translucent
enclosure with external sky illumination sources. Techniques for simulating
sky intensity and color, sun/mocn intensity and color, reduced visibility,
air-to-air and air-to-ground visual effects, terrain, and motion simulation
were investigated for each baseline configuration. The principal conclusion
of this study is that real levels of sky and sun luminance, colors and color
shading can be simulated and controlled (with some limitations) utilizing
the translucent dome lighting enclosure with external sky illumination
sources.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




FOREWORD

This final report describes the engineering effort performed by Grumman
Aerospace Corporation, Bethpage, New York, 11714, for the Crew Station Design
Facility Feasibility Study in support of Project 6190 (Control Displays for AF Aircraft
and Aerospace Vehicles), This work was sponsored by the U.S, Air Force Flight
Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio, under contract
number F33615-77-C-3067.

Mr. J. A. Uphaus was the Air Force Project Engineer during the conceptual
phase of the work reported herein.

Mr. J. Connelly was Project Manager for the Grumman Aerospace Corporation.
This position was formerly held by Mr. T. Hine who has retired. Mr. S. LaCarrubba
was the responsible Engineer and coordinator of this report.

The principal engineering investigators and contributing authors were:

S. Miluschewa - Sky and Sun/Moon Simulation

D. Riddle - Structures

A, Sarrantonio - Mechanical Systems

V. Cirrito = Thermal

G. Loughran = Electronic Design

J. O'Leary = Terrain Simulation

M. Tenenbaum - Reduced Visibility

T. Hegerty = Software

A. Kelvin E Life Science

T. Twist = Consultant (Hoffman Eng. Corp,)

The authors wish to thank the many individuals in the commercial and military
aircraft manufacturing industry, the lamp, solar and projection system manufacturers,
plastic dome manufacturers, in addition to the University of California for their excel-
lent voluntary cooperation in sharing their experiences during the conduct of this
work.

This report was first submitted to the Air Force in February 1979 and the time
period covered by this report was from September 1977 through December 1978.

iii



Section

I

1

I

CONTENTS
Page

INTRODUCTION AND SUMMARY ., ... .........0. i 1
T e N L S 1
Program Objectives . ....... S A A e 3
Program Approach . ........ T i P 2
o TR R e s e U e 6
CSDF Modular Approach . .............. BN by s e g 13
BASELINE CONFIGURATION DEVELOPMENT ... ............. 15
Physical Requirements and Constraints . . . . . . . e o g 15

L R N R 15
e R N R . 22
Motion Limits .......... ) LN e e S R S e s e 22

Size of Dome EnclOsUPe . , . .. v .vovennonrmmscnomnnssse 22
Visihle HorlZon LiD® . . . . ..o vvucinnncsascsansnnnenes 24
Simulator Baseline Alternatives , , ... ........... A 29
FrOUIIEATT MBS | . . il in v v v 5 0's wn o n s o T N i Bt 29
Selected Baseline Simulator . . . ............ P 30
Eoumalod WOlhES . . i« v svavoscossscsnsostmessnes 34
BRI TORYUIE ;. ; s s s v cimnsvonss s s ansssnsssssnn 36

K SEMULATION | o oo o aniensinssennssssesnsssbnsssenss 38
Available Lamps and Spectral Emissions , ., .. ....... e L 42
DROIRE ZInRION OIS . » i s n v b RS SE RS AR e o 42
Daylight Fluorescent Lamps . ......... R 46
OO SHOLTCLATE LENIPE . . . s v ssabsasosnnssvnsssesnnss 46
Preferred Lamp Usage ..........c000evuuuen E e 47




CONTENTS (continued)

Section

m External [1lumination System ....... T e A R e T
Clear Sky Simulation . .............. R e e
Nlumination for Cloud Effects .. .......... 0000t
Internal Reflection of Translucent Dome ......... e
SkyColor............. el N R R R e NS Bl T .
Total Simuiator Lighting Requirement ...... oo e e fnl e S
Concealment of Solar Simulator Structure ...............

Internal Nlumination System , . .............. Sl s (R
Internal Clear Sky Simulation., .. ......... Fih R i e e
Nlumination for Cloud Effects. . . . . .. ... 0ot vi e v
Sky Calor SInmlation. . « : « v o csss ausaonmvmenioasssna -
Total Simulation Lighting Requirements . . . . . .« . v ot oo .. oiie

Preforred Sy Sinmldation - . < i oo v vin s nuninne

v SOLAR SIMULATION . ..... R N N S oy R
Solar Simulator Alternatives . .. ... i .1 i ananann St &
Feasible Solar Simulation .. ....cccccveccocscoscnssass
Moon SIEMIAHON. . o . v v do o 5 sivoe o vse s & v o o R

Vv TERRAIN SIMULATION . ......
Background ............. PR e RV PR
Discussion ......... 3 O R N e @ e o R T ey

\%! REDUCED VISIBILITY SIMULATION . . . v vt vttt v e to s oo onans

Discussion ........ TRE T SR e I ALY IR
Ol BEsoSYSIONE . o a' s o ¢ o vrdla v dos 8 0ehe @ s s & 5 5o 5w s
Carbon Dioxide System ., . ¢ . .ttt ettt cecann T
Stioke Powter SYystoml . ¢ « vu s s s v i v s s svawewvvs s cnmis e
Control and Dispersion . . « v v v v et e v vt v e venas FEIEIIIEY
Toxeity . c v o v v ¢ v 0o R e S e
Introduction and Removal of FSCM ....... BB R
Limitations. . . . ............ ETEEE. &N e T EE
Low Ambient Light. ... .. R L L R RS I S
SUMMALY ;s sssvosrivosrospoavsonass iww e

vi




Section

VIII

IX

CONTENTS (continued)

Baselne . ;e wine s e s ns o P I PP v o
Internal Ilumination . .............. T e B - .
External Nlumination ........... A e SR .
MfIataBle . .o« . an s e s e ke e e e e e o
Rigid Framed StruchIrei. « . . « v« oo o o o s o oo ssossss
Rigid Self-Supporting Shell Structures ........... e .ois
Preliminary Analysis - Rigid Plastic e e fD B
Temperature Limitations ...... ot i e Sa o o .
Preliminary Analysis - Thermal Stress ., . ............ z
Safety Aspects . .. .....00ceveennas - - - . .
Access - Test Unit Loading ................ S SR A
Access - Personnel ,....... S R R S st e & .
Base SUPPOTE .« .. v witalorcies oo s e eie s Tiel eie e elelarie v e
Lamp Mounting Structure. . . .. R G T G o - SRS 15 Ty 1
Estimated Weights . ............. 4 e A SRR
Summary of Weights . , . ............ S ol 15 o A S o 16 »
COCIuaION. «© « ¢ i 54 o & 555 Srs s e soe & Gis s . e e
HEAT DISSIPATION . . ccovcecasoeseses

Air Conditioning Design Requirements - Worst Case ......
Heat Load Analysis Summary . ...
Air Conditioning Components

* 4 % s e s e e e e s e e e e e e

Air Conditioning Power Requirements .. .. .. S SR ELTIR o 2 A
Sky Simulation Lamp Selection/Dome Surface

Temperature Analysis ......

POWER SYSTEM

Power Requirements

Discussion .

vii

------ . ® s 0 e s v e s e
DY . . e e s o e .
. . “ s e 0 I I . .

® ® o e s s s e s e s e e .

Page

100
100
100
100
100
102
102
104
110
111
112
114
114
114
116
124
126
126

128
128
129
129
130

130

134
134
134




CONTENTS (continued)

Section

X SOFTWARE AND CONTROLS . ... ... ..t iteeeennn R
1677553057 o1a (30 S e B T A S R el i - e e
Conceptual Crew Station Design Facility ........... 000
Crew Station Design Facility Operational Concept ............
Environmental Lighting Simulator Software Functional Capabilities.

XI RECOMMENDATIONS FOR FURTHER STUDY .,.........0000..

APPENDIX B ARCYLIC - FIRE SAFETY ASPECTS ......cc000cos0acaos

viii

145
147
169
171

173

S = —




Figure

W 00 =1 OO U b W N =

10

11
12
13
14

16
17

18
19
20
21
22
23
24

26

ILLUSTRATIONS

CSDFS Mission Profile with Programmed Environmental . ........
Study Plan Crew Station Design Facility ....................
CSDFS Baseline Configuration - External Sky Simulation .........
CSDFS Baseline Configuration - Internal Sky Simulation .........
External Lighting Configuration with Moving Base Cockpit ........
CSDF'S Modular Concept Approach .. ........cceeeeueeunees
Typical Field of View Requirements , . .. ........c0uuuiernnn
Internal Sky Stnator SESIONE | . - i i s s s b s s e

Terrain Par Visible Area with a 30° Bank and 400 Over the
Side LeoRMown . olc 0 e e e e s 0 ) el e v

Volumes Available for Internal '"Sky'' Hluminators in a
Fixed Base Simulator , . . ............... A R s s s

Motion Simulation . .............. Bl s b e 4 o B E e s
Motion Simulation Baseline Concept . ... .. ..veeeeeeeoneaenns
Horizon Depression Angle vs Altitude Luminance ,.............
Measured Sky and Terrain Luminances .. ........ .. ... .00
Measured Sky and Terrain Luminance . . ... .. .. .c 00 ve e e

Relative Change of Clear Sky Luminance with Observer's
AEOINIR | i iass i st ebsitsenis o3 e RS

Relative HMI Spectral Distribution vs Daylight . . . .. R
Relative HMI Performance vs Supply Voltage . ........ v e s .
Typical Measured Irradiance from a Xenon Short Arc Lamp .......
Generalized Sky Luminaire Concept for External Nlluminators . . . . ..
Induced Cloud Luminescene and Hluminated Area vs Screen Gain . . . .
Lobe Pattern from Lambertiar Surface and Directional Screen .. ...

Typical Gain Patterns of Standard and Lenticular Front
Projection Screens , ,....... 5% R e S S BT g

C.I.E. Chromaticity Diagram ., ..........

Total Simulator Power Required for External Illumination
System vs Dome Reflectance . . . .. N E e e oo b % e

48
53
54

55
57

IEEPUSSENSS—————..



Figure
27
28
29
30
31

33
34

36

ILLUSTRATIONS (continued)

Concealment of Solar Simulator Support Arm . ................
Solar & Sky Simulator Luminaire Design . ...................
Typical Cockpit Arrangement for Aircraft Crewman (Side View)

Typical Cockpit Arrangement (Rear View) .. ...... ... 0.0
Dimensions of a Tandem Cockpit « ... ..ccocceoeeenacecnans

Possible Solar Simulation Configuration for CSFDS Gimballed
Collimators . civsecdencaas s S A o e e A

Selar SIimulator GeometrY . o 2 alic s olsl el s n sl sl al o ‘s islhaalts o la s o 'n s
Solar Simulation - Gimballed Mirror Approach . . . .. ...........
Collimator Geometry . ... ...... e e o P S B

Ratio of the Diameter and Area of Fresnel Zone to the Diameter
and Area of the Exit Pupil for Direct Gimballed Collimators vs
Collimators with Gimballed Mirrors . . ....... e e

High Ambient Terrain Reflection with External Sky Simulation
Bageline ConHguLation v o o « «vid e o o oivia s o osimia o s lee o 5o e e

Beam Pattern OCCULHRE < - oo o v o o s wls) sbb w6 a0 sl js & oo w s o s
Beam Patle i Oeculting ... ciiin v vieniviom wa vle s s esson s o me s
Beam Pattern Occulting ...... e e e e i v s il e v xR )
Various Fog Machitios v c v v cv seisiaiolo o sloeivoessmsssesinsss
CSDFS Baseline Configuration - External Sky Simulation .........
Translucent Dome Fabrication Technique. ... ... .. ... ... .....
Dome Panels Assembly Technique .. ........ .ot eeeenon
Dome Panels Seam Bending Technique ...........¢¢00uoueeonn
Transient Thermal Stress Gradient .. ....ccccceocovvcnccess
Lamp Mounting Structure ... .. .c.ccivvaocnsovsovsosensce
Lamp Mounting Units (Sky Simulation) .........c0000oa...
Typical Structure Truss Assembly . ........c0iiviiean
Typical Structure Workstand Section . . .. .. .. ... ... ...
HMI Lamp Specifications ...... & Bt @ -0 TR e S 9 e N s
CSDFS Electric Power Distribution. . ... ...... .. .. ... ...
Secondary Unit Substation ........ A S A TR e
Crew Station Design Facility Functional Block Diagram ......... .
A Crew Station Design Facility Operational ................ .
Environmental Lighting Simulator Software Functional Configuration, .




Table

@ =3 & U s W N

10

11

12
13
14
15
16
17
18

TABLES

External [lluminated Crew Station Design Facility Simulation
(B05T2VaT5 13 et S O W G BT R g 8 e e s e R Gl T WA

Relative Motion of the Cockpit Horizon, and Sun/Moon . . .. ......
Torques Due to Inertia (w r-2) ..........................
Motion ACIATOTS' . c o civ cvidciv s oo s aliols aialam o & & s as s as
AchmtorTengths). o 5 r Ll Nty TPalatie ol et ialia e et abias 1
Summary of Luminance Ranges in Foot-Lamberts . . ...........
Type of Lamps Evaluated . . . ..« e v anieovnnsseseanososs

Luminaire Requirements vs Dome Wall Diffuse Reflectance
to Produce 2500 F.L. Internal Luminance .......... S H el eae e 1e

Luminous Transmission of a Sample of Kodak Subtractive
Color BHETS ' o 5 2 Shalio st chsfikera ket oialio mise sne Bhsis s & o o i s -

Number of Xenon Short Arc Luminaires Required for Internal
Dome Illumination to 2500 Ft. Lambert . . .. .. heele e . WA

Minimum Clear Sky Luminance and Lamps Required for
Cloud Simulation Versus Dome Reflectivity .......... S i

Comparative Performance CSDFS Illumination Systems ....... e
Major Mluminating Power Requirements .. .............. e e
Comparison of Solar Simulation Alternatives .............. e
Review of Simulation Visual Display .............. o o <
Dome Structure Material Tradeoff .................... . v
Translucent Dome Rigid Plastic Material Properties . . ........ 3
CSDFS Power Requirement Estimates . ........... R e

11
30

36
37
41
43

58

58

63




SECTION I
INTRODUCTION AND SUMMARY

BACKGROUND

At the beginning of the last decade, cockpit simulators had been developed to a
point where the aircraft dynamics and flight control system response to pilot inputs
could be duplicated in a realistic fashion. At that time, little had been done in the
way of developing realistic out-the-window visual displays and attempts to overcome

that deficiency were rapidly being pursued.

These new attempts to increase the fidelity of the simulators by introducing
external visual cues met with varying degrees of success. Most of the developments
taking place were directed at trying to achieve a favorable trade-off or compromise
in those parameters which were considered essential to achieving a reasonable level
of fidelity of the external scene.

The visual displays developed were represented by a diverse range of configura-
tions: closed circuit television, both black and white and color, using model boards
or computer generated inputs; projected films; and point light source reflective and
transparency projections and others. None of these, however, addressed the problem
of operation in a highly illuminated environment, but were all designed to operate in
low ambient light levels, usually darkened areas.

Today, with the increasing workload on the pilot and crew to perform necessary
tasks, factors which before were considered of secondary importance become primary
effectors in determining the maximum effective workload that the pilot and crew can
accomplish. The ambient lighting and cockpit illumination now become a major factor
in determining optimum cockpit design. It is desired then to have available a facility
which will simulate these external illumination levels for man-machine evaluations in

a controlled environment.
PROGRAM OBJECTIVES

The objective of this effort was to determine the feasibility of fabricating a new
and unique facility capable of simulating the total range of lighting conditions
experienced in military aircraft crew stations during operational flight. This effort
included investigation of methods for simulating the entire range of sky and solar




luminance levels and colors, atmospheric conditions affecting visibility, aircraft/

visual scene motion and moving air and ground targets. The lighting simulator would
~ utilize a fixed base, single place or multicrew cockpit. The simulator wauld also be
computer controlled, thus permitting precise simulation of realistic lighting mission

profiles.

The factors with the greatest influence on the performance of the study and its
findings are the use of a fixed base cockpit (a Statement of Work requirement) and the
high illumination levels that have to be produced. Briefly summarized, a fixed base
cockpit concept requires rapidly changing the lamp intensity and color for sky and
terrain scene simulation to provide an accurate visual rendition of simulated pitch,
roll, and yaw aircraft motion.

PROGRAM APPROACH

Prior to investigation and development of baseline lighting system configurations
suitable for incorporation in the Crew Station Design Facility (CDSF), a lighting
mission profile was formulated. This profile (Figure 1) illustrates the dynamically
changing visual environment that might be encountered by the pilot during a typical
mission. During this investigation, the mission profile was utilized as a guide to

- development and evaluation of baseline simulator capabilities.

This study was guided by the general plan illustrated in Figure 2. This illustra-
tion is self explanatory except for a few places where interactive tasks are not indicated.
In the selection of candidate baseline systems (Task 1), the questions of motion
simulation (Task 7) and sun movement (Task 4) were major considerations. The power
(Task 11) consumption analysis results were used as inputs in the heat dissipation
analysis (Task 5).

Two baseline lighting simulation systems were selected in Task 1 for study.
Each baseline system design was developed and evaluated in accordance with Tasks 2
through 8 (Figure 2) in order to provide a valid basis for selecting the baseline system
which offers maximum simulation capabilities. After completing an investigation of

the two baseline systems, a third baseline system was briefly investigated.

The first baseline configuration, referred to as External Sky Simulation is
illustrated in Figure 3. The spherical dome lighting enclosure is translucent; sky

luminance and color are generated by external luminaries that surround the dome.
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Figure 3. CSDFS Baseline Configuration — External Sky Simulation



Internal luminaires are utilized to project cloud effects on the dome's inner surface.
The solar simulator is gimballed (via a carrier arm attached to a terrain pan) in
elevation to simulate hour angle, and moves with the terrain pan to simulate aircraft

pitch, roll and yaw motion.

The second baseline configuration, referred to as Internal Sky Simulation is
illustrated in Figure 4. The dome surface is opaque and it is illuminated entirely
from within the dome. Substantial numbers of luminaires are clustered around the
base of the cockpit in order to achieve the required sky simulation luminance levels.
The solar simulator and terrain pan mechanization is the same as the external sky

simulation configuration.

The third baseline configuration, referred to as External Lighting Simulation
with Moving Base Cockpit is illustrated in Figure 5. The terrain pan may be raised
or lowered slightly to simulate changing aircraft altitude. However, the pitch and
bank pan motion required with the fixed base cockpit is absent. As a result, the dome
wall area that must be illuminated at sky luminance levels and color is the upper
hemisphere; with the fixed base cockpit this area must be 65% greater to accommodate

pan motion.
RESULTS

The results of an in-depth investigation of the external and internal illumination
system configurations show that the translucent dome with external sky simulation
sources has the greatest potential for realistic simulation of the pilot's visual environ-
ment. With this configuration, high luminance level sky and cloud simulation can be
achieved with good color contrast. Terrain scenes can have appropriate luminance
levels without the simulation of forward aircraft motion. Projection of landing and
takeoff visual scenes cannot be accomplished with this configuration (or the Internal
Sky Illumination System) at high luminance levels because no technology is presently
available to provide the necessary contrast. These types of scenes can be projected
under low light level conditions. The simulation capabilities and operating features
of this configuration (Figure 3) are summarized below in terms of the mission profile

in Figure 1.
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Figure 4. CSDFS Baseline Configuration — Internal Sky Simulator




‘1. Jl
113007 aseg Buiaoyy WIIM uoneinBiuo) Bunydiy jeusaIx3 °g aanbiy
AG00-S6T1
SONIHVY3IE NOILVL1OY W31SAS HO123roud
% NIvHH3Ll
/ W31SAS \
H0123ro4d )
NIVHY3L B
N33HOS
. HOL123r0Hd HY3IY
. SHOLVNLIV ’
NOILOW
f
11dM002 3OoV4HNS
3SvE ONIAOW Z_<Emmhj
i FJ\

3Jv4HNS
AN3ONISNVHL
JWoa

W3ILSAS ONILHON
ANS TYNH3ILX3

- A
INIT NOZIHOH™
W3ILSAS HV10S
v3IHVY 13AVHL

l

AOVHL
HY10S
a3axid

W3LSAS
Hv10S




A typical mission might start during daylight hours on an airfield runway on a
clear day (Figure 1-A). The aircraft takes off in an easterly direction with the sun
over the nose. During the climb, aircraft pitch and roll motion simulation will be
achieved by programming the terrain pan to move about the fixed base crew statidn in
response to control inputs and aircraft motion. Thus, the horizon line tilts to simulate
changes in aircraft attitude relative to the earth and sun position. Due to the terrain pan
design configuration, pitch and roll motion would be limited to + 30degrees. Pitch and yaw
velocities are limited to 1 radian/sec and roll to 4 radians/sec. Altitude changes will
be simulated by either raising or lowering the pedestal that the cockpit is mounted on or
by raising or lowering the terrain pan with respect to the cockpit.

As the aircraft banks and turns, direct sunlight suddenly impinges on consoles,
indicators and controls producing high luminance levels within the cockpit. The solar
simulators will be capabie of illuminating either tandem or side-by-side fighter cock-
pits with 10,000 foot-candles. The sun's collimated rays, color from sunrise to sun-
set and resultant illuminance incident upon displays in the test cockpit will be consis-
tent with the levels reached had that cockpit been exposed to the real world. Time of
day simulation is achieved by angular rotation of the solar carrier arm with respect
to the horizon (terrain pan). During daylight, terrain illuminance, color and texture
can be simulated, but there will be no high resolution detail defining specific ground
objects. Sky intensity and color rendition can be accurately simulated by programmed
~smputer control of the filtered luminance output of external luminaires surrounding

the upper portion of the translucent dome.

Approaching cloud cover above and ahead of the aircraft (Figure 1-B) can be
simulated by programmed control of luminaires mounted beneath the cockpit and
outside the pilot's field~of-view. Simulated clouds below the aircraft will be
generated by a remotely located fog machine (see Figure 42). Clouds at the horizon
will be projected above the periphery of the horizon pan; these will be synchronized
with aircraft motion. Jets located around the cockpit (outside the field-of-view of the

pilot) will be used during simulated penetration of cloud cover and fog.




""Snow'"' and '"'rain" simulation (Figure 1-C) can be achieved by ejection of
transparent pellets near the crew station. To avoid damage to the simulation
mechanism, water would not be used within the simulator. It should be noted that .
significant problems associated with control of fog, rain and snow may occur if a
forced air cooling system is needed withi: the dome. These problems will not occur
during night simulated operations.

Flight above cloud level where cloud albedo produces a marked increase in
illuminance level (Figure 1-D) is simulated by programmed changes in sky color above

the aircraft and appropriate injection of fog to simulate cloud cover below.

Programmed reduction in sky luminance occurs as dusk approaches. Moon
simulation (Figure 1-E) can be achieved using the solar simulator in conjunction with
the appropriate dousers and masks. Relative motion of the moon in the night sky

will be synchronized with aircraft maneuvers.

As the aircraft approaches the target area, rockets, bomb bursts, and incendiary
flashes and flares are encountered under the dark sky field producing sudden luminance
and color changes within the cockpit (Figure 1-F). Flash and flare due to ground and
air delivered weaponry can be simulated by strobes, video or motion picture projection.

Low ambient light makes these'simulation methods feasible.

As the aircraft returns to its base (Figure 1-G), visual scene and motion simu-
lation can be achieved with a high degree of fidelity under low ambient illumination.
At night landing, ground roll and braking can be realistically simulated by means of

a television projection system.

The typical mission profile described above can be modified in any manner
within the capabilities of the simulator. Lighting mission profiles can be programmed

and controlled through the use of the crew station design facility computers.

The engineering simulation components, design limitations and interface problems

pertinent to the external lighting system configuration are summarized in Table 1.

10




30V4HNS
NOI1D3rOHd HOIHILNI
ANV "LNIOf 1SWD 3HL
40 ALIWHOHINN ‘NOI
‘SN4410/NOISSINSNVYH L
1LHOIM 40 334930
ANV HO0D @3YIND
‘34 IHL HSINEVLS3
TVIM SIHL © S311H3d
‘OHd TVIHILVYWN ANV
S3INDINHIIL SONILSYI
ANIOf 3HL NI 13A3T
3ON3AIINOD V HSIN8VY L
$3 01 A3HIND3YH SI
NOILVYIIHEYS 3dA10L
OHd 40 334930 3W0S *

ANIOf 1SVD 40
NOISSIWSNVHL ONV
ALITVND TVYHNLONHLS
JONVHO

40 31VH dW3l 3HL
LIWIT OL STOHLINOD

08 X 001

X 001 = 32ZIS VIHVY ALITIOVA
.Z.E\ucm— JONVHI

dW31 30V4HNS 40 31VvH XYW

4 002 dW31 ONILVYHILO XYW

SWV3S LNIOF LSYD
HLIM O31VvIIH8Vv4 H3ISN4410

/3WOQ 'VIO .89 IN3ONISNVHL e

(1)A900-G611

JHNSOTONI IWOC
9 ON

NOILVLIOH MV A
Q3LOIHLISIYNN LNISIHJ

SSYW

STOHANOD LHOITS HLIM
AN3IW3IAOW HVYI0S

HOLVINWIS HYT10S e

(VILH3INI 40 INIWOW)

WHY H31h58VO ONI
‘AV10H ANV ONILOAId V¥ A8
13SNNS O1 3SIYNNS WOHS

IN3IW3IAOW NNS

17IM WILSAS ONITO0D | 40 NOILVZINOHHONAS o | 1HOIIM ONV 32IS YY10S e |a3NOILISOd ATIVIINVHOIW e v ON
Q3ZIWINTA 38
1SN 1INN 40 IHOIIM JHNSO1ON3 (NOILV S
Q3HSITdWOIIV 3IWO0Q VIa 14 89 M3HD H3d Q,03H4 1)
38 N2 1HOI SIHSINEVLSI VIHY M> 0 NON3IX SdWV1 e
NOILYINWIS NNS 40 | T3IAVHL NOZIHOH MO138 ATBW3SSY NOI1ISOd WHY NOILVINWIS NOOW/NNS
1Y v ALISNIING of ONV 32iS Hv10S 30uYT dWYT HYTOS 40 3ZIS @ | y31yyvD 10310 TWNEILNI o £ ON
NVO SINIWIHINDIY
NOIS3IA TOHLNOD
IVINIWNOHIAN3
ANV LNIWJIND3
NOILYINWIS ONILHOIT
340438 A3HINDIY
ONILS3IL OBY IWOS » NOILOW HLIM SW3ILSASENS
O3HSITANOIOV | NOILYNIWNTT WILSAS a3sn Q31VID0SSY B SHILTI4
38 NVO LHOIN 40 NOILVZINOHHONAS o 38 NVO LVHL SdWV1 1LTNW HLIM HIYNINNT LHOIN/AVA

/AWQA NOILNT0S3Y
HOT0D ONV ALISNILNI

3INOZO ® AN — T0HL
"NOD INIWNOHIANI

40 H3BWNN 3HL A8
A3LIWIT NOILLNT0S3Y
HOT00 ANV ALISNILNI

G3INOIS30 TVIO3d4S M 00T 1L
- SdWVT 3A1TVH TVL3IW

NOILVYINWIS ANS

NOILVINWIS ANS | STOHINOD TYWHIHL e 1430NOD INITISVE 1X3 Z'ON
SHHVIWIY SW37804d SNOILVLIWIT NDISIA |HOVOYddY NOISIA AILVINWIS NSVL
a 30VAYILNI WILSAS 8 v

o)

(Z 30 | 190y8) 1decu0) uonenwig Alljde4 ubisag uoNIMS Ma1) paleulwnjj| |eUIdIX] | 3|qe]

11



ALIDVAVO L1vm
VOIWPL . V HIIM
WILSAS ALITILN
ZHO9 'ANBEL V
40 ALY TIIVAY
IH1 SIWNSSY
NOILYHNOI4NOD

ALITIOVY 40 NOIS3A

'SAINIWIHIND3Y

H3IMOd ALITIOVA L3FWOL AHVYS
“S303N SY A314100W/A3ANVdX3
38 NVD W3 LSAS TVIIH1D0313 3HL

'SINIWIHINDIY HIMOJ
TVOIHL0313 SIILINIOVS FHL
A4S11VS O1 SNOILVLSENS LINN

(2IA900661 1

W3 LSAS HIMOd

WILSAS HIMOd | 1IVLI30 ONIHNA A3NIWY3130 38 0L AHVYANOI3S 3VdLLTINN 3G1AOH Il ON
N39O H31NdWOD ‘a8
NIVHH3L ‘GINNVD
SIOVWI 40 - ASAS HOLD3f
SSINLHOIYE FHYNLIOId NOILOW OHd -ANNOYO 1HOIN
‘a3sn Q311NN [ NOILD3rodd 0301A /HIV R HIV/HIV e ®NSNA IHV S
SNOILVLIWIN S139HV1 ONV 3IN30S ANNGCYHO 01 HIV
NIHLIM 318ISV34 LHOIN G3103rOHd - INIISWY MO ‘SVY34 HIV O1 HIv
IHV NOILVINWIS FONVHO 3N30S ANV NIVHHIL |LON - ONNOYO/HIV AINIISWY 103443 TVYNSIA
ANOOYHO/HIV NOILOW 40 NOILVYZINOHHONAS o SV JWVYS - LNIJISWV HOIH HIV/HIV e HOIH oL ON
WILSAS TVAOW MONS
34 ANV NOIL WILSAS ONITOOD HIV A30HO4 Nivy
J3CNLA3TI0HL | HLIIM NOLLYINWIS 30 TOHLINOD e SANV 14 INITAIHLIATOC - MONS 904

NOD 'NOILVYIN
WIS NIVYH HO4
A3HIND3Y AWY

NOLLAVY INWIS
ano1d/904 ONIHNA A3 LIWIT
S1 3NIT NOZIHOH 40 NOILVYAILLDY

FOVWYO 38N1ISIOW SWSINVHOIW
OL 3NA NOLLY TNWIS ANV
HO4 d3SN 38 1ON AVIN HILVYM

sav3ig
1314040 INIHVJISNVHL - NIVYH
W3ILSAS O3H3LTI4 3SvE 110 - 904

ALITIGISIA Q30NA3Y

6 ON

ATNO ALISNILNI
ANS IHL 40 %0L L
WOH4 ONILO3T4
3Y - IN3ISWY
HOIH ONIHNAa
HOTOD NivHHIL
ANV 1SVHL

NOD HLHVI/AMNS

ALISNILNI ANS ONV 3NIT
NOZIHOH 40 NOILVZINOHHONAS

S139HV1

ANV 3N30S LHOIN 3103r04d
OL A3LIWIT ~ INJISWY MO e

ATNO

NOILION3Y HOT0D ANV ALISNIL
NI 3ONV 1031436 01 Q31NN e

3161SSOd SIHNLY3IL TIvLI3a
TVNSIA ON - INJIHWY HOIH e

FONVLIIO3143H HO 10D

AONV ST13A37 LHOI 31V INWIS O
WILSAS ONILHOIT ANS ONIZITLLN
NVd NOZIHOH IN3ONTISNVHL

AN3IGNY MOT/HOIH
NOILVINWIS NIVHHE3 1L
8 ON

N9IS30
TVNI4 OL HOIHd

HI4SNVYHL INV SNOILVLIWIT IVHNLINYILS e MY A e
1002 ANV SONIY ALIDOT T10H e ANIT NOZIHOH
dI1S SHOLVNLOV SSYW 30NA3H e “AAHYTINONY - 'd H 1NdNI o HOLId e
FHL 40 NOILVYN ANIWIONVHYY TVHNIONYILS (V183034 01 ONIHV3IA) coﬂi. NOLLVINWIS NOILLVINWIS NOILOW
IVA3 O%Y ANV NOILLVINWIS NIVHHIL o] INFJWIAOW ONILIWIT TVIISAHd INITNOZIHOH TVIINVHOIW L ON
SHHVW3IH SW3IT180Hd 3OVAHILNI WILSAS SNOLLY LIWIT NDIS3Q HOVOYHddVY NOISIa NOLLVYINWIS NSVL
a 9 q v

(Z 40 Z 193yS) 1dasuo) uonenuitg Aujae4 ubisaqg UONLIS Mai) pajeununy)) |PuIdIx3 | 3|qe)

12




CSDF MODULAR CONCEPT APPROACH

A modular construction philosophy can be followed in the fabrication of crew
station design facility in the event total funding is not available. However, a
comprehensive design of the complete environmental lighting simulator is recommended
prior to fabrication of modular components. This is necessary to insure that all
components work in harmony and that simulator capabilities added late in the sequence
of facility development are not compromised by modular components installed at the
beginning of facility development.

Figure 6 helps illustrate the modular design concept approach that can be
followed and establishes the minimum basic lighting system required to generate the
ambient luminance that would be experienced in an aircraft crew station under actual
flight conditions.

The basic lighting simulation system would consist of:
Sky lighting system and support structure
Solar systems
Dome enclosures
Temperature controls
Computer control system
Power
The modular additions for a completed facility would consist of:
Horizon and motion systems
Terrain simulation systems
Visual effects systems
Reduced visibility systems

Additional control system elements

13



BASIC LIGHTING
FACILITY SYSTEM

SOLAR
SYSTEM
SKY LIGHTIN

SUPPORT
TRUCT!'!RE

DOME
ENCLOSURE

TEMP.
CONTROL

SOFTWARE

&

HORIZON AND glc:nCJ&TnoN ADDITIONAL
MOTION i SOFTWARE

TERRAIN REDUCED
SIMULATION VISIBILITY
VISUAL
EFFECTS

MODULE ADDITIONS

1195-007V
Figure 6. CSDFS Modular Concept Approach
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SECTION II
BASELINE CONFIGURATION DEVELOPMENT

PHYSICAL REQUIREMENTS AND CONSTRAINTS

A number of important physical requirements and constraints were developed
from the visibility (field of view) requirements and the crew station arrangements.
The visibility requirements generally defined the regions where simulation equipment

could be located and the cockpit variations defined the dimensions of the solar simulator.

Sky Illumination

The basic visibility requirements illustrated in Figure 7 generally apply to all
cockpit configurations. For over-the-side visibility the single place cockpit, or two
place tandem, establishes the requirement while over-the-shoulder visibility must be
based on the two place tandem cockpit. The reduced requirement over the nose will
not substantically relax the simulation requirements. For a fixed base simulator the
terrain can be represented by a screen which’ is rotated and tilted to simulate aircraft
motion or by suitably changing the projection of sky, horizon and terrain on a fixed

screen.

In general, the illumination problem in the internal sky simulator system arrange-
ment (shown in Figure 8) is based on visibility requirements only; these requirements
limit the available volume for illuminators. The illuminators are at different levels in
the sphere. The volume above and behind the cockpit must be used with care because it
creates shadows from the solar simulator. The solar simulator could be constrained
from going around the rear of the cockpit with obvious loss of direct panel illumination.
In addition the sky, horizon and terrain projection would have to be accomplished with
the illuminators marked A through E. Caqulbations showed that the high sky luminance
required luminaires to virtually fill the entire volume shown as A through E in Figure
8. When requirements for effects projectors and shadowing by the cockpit are
considered the available volume becomes marginal and very substantial technical

projection problems are encountered.
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NOTE: COCKPIT CAN BE:

1. SINGLE PLACE OR TWO PLACE
(AS SHOWN)

2. TWO PLACE SIDE BY SIDE

3. MULTI-CREW
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REF ;\
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15° OVER
('THE NOSE

1195-009V

Figure 7. Typical Field of View Requirements
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If the motion is simulated by moving a screen it should be continuously rotatable
in azimuth plus a substantial angle in pitch and roll. In this case the screen becomes
a pan which is articulated to simulate aircraft motion. Visibility to the pan and clear-
ance for the pan gimbals has a substantial influence on the available locations for

illuminators.

Given a 40° over the side look down capability, and a 30° bank, the entire area
of the terrain pan is visible at one time or another from the cockpit. Therefore there

is no possibility of attaching sky or terrain illuminators to the inside of the pan.

This is shown in Figure 9 where the dashed lines outline the terrain pan position
for a 30° bank angle. In this position, a portion of the gimbal assembly could be visible
over the side depending on the design of the cockpit support pedestal. As the pan
rotates through 360° in azimuth, all areas of the pan will come into view in turn. The
only volume not visible would be a cone with a 20° half angle (shaded), coaxial with the
azimuthal axis of rotation of the pan. Since this volume is inside the gimbal ring and
travels with the pan, nothing substantial may be located there without interference
between cable runs and gimbal structure.

A fixed volume aft of the cockpit and below the elevation of the cockpit rails is
available if it is supported and serviced from the cockpit support pedestal. However,
the extent of the volume depends strongly on the simulator configuration; an approxi-
mation is illustrated as area '"B" in Figure 10. Figure 10 also illustrates the additional
volumes available for illuminators outside of the pan. The volume swept out by the
terrain pan limits the available volume for illuminators to the cross hatched region
"A". This is roughly a torroidal volume between the terrain pan and the interior
surface of the dome. The location and motion of the solar simulator will be described
later. However, the cross hatched volume "A" must be reduced if realistic sunset
conditions are to be simulated. The solar simulator volume marked SS in Figure 10
would be removed all around the top of the torroid. The volume "B" could not extend
above the cockpit rails if shadows are to be avoided when the "sun'" is behind the

cockpit.

Sky illumination may also be accomplished with external lamps shining through
a translucent dome or a combination of internal plus external lighting. The external

illumination approach will be described later in the report. However, there are no
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Figure 9. Terrain Pan Visible Area With A 30° Bank and 40° Over The Side Lookdown
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physical location problems for sky illuminators vis-a-vis the pan geometry with ex-
ternal illuminators. A system could combine external illuminators with a translucent

dome and the internal illumination possibilities illustrated in Figures 10 and 8.
Variation of Sky Illumination

When fixed illuminators are used with a fixed base cockpit and a translucent
terrain pan the relative appearance of the sky must be programmed to change with
aifcraft attitude. If an opaque terrain pan is used to generate the terrain and horizon,
the magnitude of the programming is reduced but it is still required. If programming
is not implemented with the translucent terrain pan, the sky luminance at the horizon
will frequently appear to change with aircraft attitude. Use of a translucent terrain
pan establishes the requirement for rapidly and uniformly varying the output of
individual illuminators. It also constrains illuminator design to be capable of uniformly
changing illumination all around the dome.

If sky luminance and color programming is to be avoided, internal dome illumina-
tion is the only alternative. In this case the illuminators occupying volume ""A'" in
Figure 10 would have to move with the pan to insure realistic terrain luminance and
color with aircraft attitude changes. The logistics for supplying power, and probably
cooling fluid, would restrict the azimuthal freedom desired in the simulator. In
addition to this major design deficiency the moment of inertia for the pan and structure
would be substantial.

Feasible Sky Illumination Alternatives

Allowing for the anticipated requirements of other subsystems there are two
feasible alternatives for simulating the sky. In both cases the sky brightness must be
programmable to coincide with aircraft attitude changes.

The first alternative is:
e Externally mounted illuminators covering the dome
e Translucent outer dome

e Supplemental illuminators in volumes ""A' and ""B'" shown in Figure 10




The second alternative is:
e An opaque dome
e Illuminators in volume "A'" and '"B'" shown in Figure 10

Solar Simulation

The variation in cockpit geometries and the distance from the crewman's eye to
the collimator are the major physical factors affecting the solar simulator. To provide
a sunrise or sunset condition the solar simulator must be located beyond the terrain
pan. The inner terrain pan surface would be at least 20 feet from the pilot's eye.

This distance will determine the allowable collimation limits which in turn drive the

size of the solar simulator.

Motion Limits

Relative Aircraft accelerations and motion limits were established for baseline
purposes as:

Acceleration about pitch axis = 1 rad/sec2
. 2

yaw axis = 1 rad/sec

roll axis = 4 rad/sec2

The maximum angular excursion was established by estimating the practical limits

set by the mechanical structure associated with a fixed base cockpit. The limits are:
About Pitch axis + 30 deg
About Roll axis + 30 deg
About Yaw axis Unlimited

Size of Dome Enclosure

Two factors combine to establish the minimum dome enclosure size. They are
the minimum visual simulation distance and the nature of the simulated sun rise and

sun set.
Minimum Visual Simulation Distance

Minimum visual distance is established by human factors. Crew perception

limits in visual effects simulation requires 20 feet optimum distance from the pilots
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eye reference point to all non collimated objects to enhance binocular effects and
reduce operator fatigue.

In visual simulation, distant screens (dome shaped projection surfaces in the
case of the CSDF) should be presented with the eyes accommodated for infinity. A
resting eye has a depth of field of 20 feet to infinity. For objects not at infinity,
accommodations and convergence vary with the distance to the object.

At low luminances (e.g., 0.015 foot lamberts) equivalent to a moonlit and star-
lit clear night, the average resting focus of the eyes is about 1.7 diopters or to the
tip of your arm (Reference 34). The eye does not accommodate to viewing distance
even if it varies from 0.3 meters to infinity. Thus, in night scenes, if the screen
distance is moved in from 20 feet towards the observer, the image will start to appear
sharper (in focus) as the constant focal distance of the eye is approached. In effect
the perception will be incorrect as compared to that in the real<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>