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PREFACE

The development e ffort for the Advanced Simulator for Pilot Training (ASP’!’)
Aerial Refueling Visual Simulation was conducted by the Fly ing Training Di vision of the
Air Force Human Resources Laboratory for the Simulator System Progeam Office.
AS I)/SI)24. T he inhouse development effort was conducted under project 1123, USAF
Fly ing l’ ra ining Development; task 1123-10 , Simulator Engineering Support. Mr. James
F. Smith was the Project Monitor and Mr. Warren E. Richeson , th~ Task Scientist. The
ASPT was procured under project 1192 Advanced Simulator for Undergraduate Pilot
Trakiing.

Appreciation is extended to Capt Dick Jeff reys, ASD/SD24B: Mr. Bill Kelly,
General Electric Company; Mr. Jack Maynard . Singer/Link; Mr. Bob Miller . Systems
Eng ineering Laboratory (SEL); Maj Jay Paulsen . AFHKL/ FT: Mr. Robb Rife,
AFHRL/ FT: and Mr. Lynn Thompson , SEL; for the time and e ffort they devoted to this
project .
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ADVANCED SIMULATOR FOR PILOT TRAINING (ASPT) :
AERIAL REFUELING VISUAL

SIMULATION-ENGINEERING DEVELOPMENT

I. INTRODUCTION

Background

On 18 October 1976 , the Aeronautical Systems Division, Simulator System Program Office
(ASD/SD24) requested the Flying Training Division of the Air Force Human Resources Laboratory
(AFHRL/FT) to conduct an aerial refueling simulation study utilizing the Advanced Simulator for Pilot
Training (ASPT). Command requirements for new simulators were becoming more full —mission oriented as
more and more tasks were ex pected to be taught and practiced in simulators. Operational training
requirements for forthcoming simulators induded the receiver aerial refueling task. ASD was responsible for
providing Air Force commands with this capability in the most cost effe ctive m anner; hence , th e stud y
requirement. It was felt that the inherent flexibility of the ASPT could best provide the numerous
ex perimental conditions required for analysis of the behavioral impact on pilot performance of such
variables as field of view (FOV), tanker image detail, and day/night systems.

Numerous coordination and planning meetings among ASD/SD24, Tactical Air Command (TAC).
Strategic Air Command (SAC), and AFHRL/FT personnel were held during the following 12 months. These
meetings resulted in identification of several ASPT engineering modifications which would be necessary to
support the research plan. Once these requirements were specified, work commenced on the engineering
design and development. Special computer image generation data base models of a KC-1 35 tanker in
various levels of image detail were developed, as were special data base hoods to be utilized in the
three-window FOV displays by the A-7/F-4 and FB-111 subject pilots. The one-window displays for the
A-b and B-52 subject pilots were generated with minor modifications to the normal variable/slewable FOV
programs. A dynamic boom and the functional director lights were modeled, and software programs were
written to simulat e boom dynamic operations and to make the director lights operational. The ASPT T-37
handling qualities were slightly altered for each of the two pilot groups (SAC and TAC) to facilitate
transition from their operational aircraft to the simulator. Finally, performance measurement programs
were developed to assess pilot performance of the aerial refueling maneuvers.

Purpose

This report document s the engineering design and development of features providing an aerial
refueling capability to the ASPT system.

II. ASPi’ SYSTEM CONFIGURATION

General System Description

1. Kinesthetic Simulation

The ASPT system (Figure 1) consists of a T-37 and A-b simulator cock pits each mounted on a
sy nergistic mo tion base having six degrees of freedom. Each platform is driven by six hydraulic actuators
havin g 1.52 m travel and providing the following displacements:

Lateral ±1.22 m Roll ±22°
Longitudinal +1.24 m, — 1.22 m Yaw ±32:
Vertical +0.97 m, —0.76 m Pitch +30 , —20

The magnitude of these excursions providing onset cues with subsequent washout is as follows:

Lateral ±O.6g Roll ±50°/sec 2
0 2Longitudinal ±0.6g Yaw ±50 /sec

Vertical ±0.8g Pitch ±50°/sec 2

Sustained cues are provided by a g-seat consisting of 31 independently driven pneumatic cells located
in the back seatpan and in the thigh panels. In addition, a seat belt provides tension by means of a small
act uator.
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Figure 1. ASPT.

2. Visual Simulation
a. Computer image generation (CIG). CIG is a technique that takes a visual environment , which

is defined as a three-dimensional math model and which is stored as numerical data in computer memory,
and computes a two-dimensional model of a perspective image to be projected on the display plane.
Inherent advantages of this technique are (a) unrestricted viewpoint, position, and attitude, (b) any field of
view or window configuration, (c) unlimited number of visual environments can be readily constructe d,
modified, and amended, and (d) large gaming areas.

b. Variable/slewable FOV. A special feature of the ASPT visual system is its ability to restrict
the display FOV to any desired size or window configuration via the CIG system. The chosen FOV m a y
also be moved in real time throughout the wide angle, wraparound display in conjunction with the pilot ’s
head motion. This is accomplished by means of an infrared helmet sensing device which determines the
helmet attitude and relays this information to the CIG system.

6
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Display system. Each cock pit is surrounded by a dodecahedronal structure (Figure 2)
supporting seven 36-inch monochrome cathode ray tubes (CRTs). Each CRT has 1,023 scan lines with
1,000 elensents per line and utilizes a highly efficient, green-tinted phosphor. It operates at 30 frames per
second and provides 600 foot-lamberts of peak highlight brightness with a 7 arc minute line pair resolution.
The CRTs are viewed through seven pentagonal Pancake Windows with in-line collimating optics which are
mnosa icked to provide a continuous FOV of appro ximately 300 degrees horizontal by 150 degrees vertical.
The passage of the desired im age through the various polarizers, filters, and beam splitters results in a
one-percent transmission efficiency providing a virtual image with 6 foot-lamberts of peak highlight
brightness.

• 
~~~~~4

- 

-

~~~~~~~~~~~

Figure 2. Cockpit display.
3. Auditory Simulation

a. Aircraft sound synthesizer. Aural simulation of aircraft sounds is provided by an oscillator
which responds to digital-to-analog (D/A) signals. Since the D/A signals are software dependent , it is
possible to build a frequency profIle to simulate the desired aural cues. In ASPT, this feature is used to
produce sound effects for engine noise, tire squeal on touchdown, cannon fire, flak, and bomb bursts.

b. Cognitronics multiplexed speechmaker. The speechmaker system permits the computer to
respond to various user programmable conditional statements in audio form via the cock pit headset. The
heart of the system is an audio drum. The system vocabulary is listed in Appendix A. The drum consists of
film cylinders mounted one above another with information (words) in each cylinder recoi ded on 32 data
tracks. The film utilizes the variable area type of recording which modulates a thin beam of light. This
process produces sound in a manner similar to the way in which sound tracks on motion picture ifinis
generate audio. The rotation rate of the cylinder allows for an output of up to 100 words per minute.

4. Advanced Instructor/ Operator Station

Control and monitoring of the simulator missions are maintained at the ASPT Advanced
Instructor/Operator Station. This station contains a complete replication of all the simulator cock pit
instruments and indicators, and all the controls, displays, recorders, lights, and other equipment necessary

7
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to set up, control , and mil oni to r t Im e  s imiiulatcd Ill LSSioiI. Iii addition to t i  c~ - capabilities provided l)y
en mventional instructor/Operatur ~t .mt ions , the adva iced Stat ion provides i rap id miii lali ~at on , ) I r ce / C -
(e) record/ play back . ( ii) closed circuit TV cock pit observation , ( c ) two console IV i , mlitr , r ~ si.ivec l to tlI~
cock pit disp lay windows , and (f) two seven color prog ra imi mmiab ic al pliaiitiiiieric ( RI’ disp la ys

The ASPT Advanced Instr tmc to r/ (  )perator Station can be observed iii l iglirt’ ~.

—

E 
~:~~~~

- t
~ 
I

[-~gi,r c 3. Advanced instructor/operator station.

Aerial Refueling Modifications

- Environm ental I )ata Base

a. Overa ll desi gn. The data base deve loped for this project consists 0f three aerial refuelinhi
tankers (with operational director lights and refueling booms ). four different FOV hoods. m d  an a i r f ie l d
The tankers include high detail. kU-I 35 mnodeI~ a low deta il, austere day model: and a simple ni ght model
The FOVs include two th ree-window hoods duplicating th~ FR-i II and A - 7 / l - 4  aircraft simulator FOV5
,mnd two single-w indow hoods duplicating th e A- i 0 and B-52 aircraft simulator FOVs. The use of the ASPi’
UI(; v isual system allowe d considerable flexibility in duplicating the various test FOVs and w i n d o w
con fI gurations under consideration. The airfield used is Davis-Monthan AFB as modeled for a previous
research project

Th ree separate and distinct environmental d.mta bases have been creat ed. The first consists oi tIle
KC-l 35, da y austere and night tankers, and the A-7/ F-4 and variable window hoods. The variable hood is
adj usted for either time A- b or B-52 sing le window configurat ions. The second dat a base has the same three
tankers, var iable hood , and three-w indow FR-I 11 hood. The third consists of Davis-Monthan A FR. K( - 1 35
tan ker , A-7 /F -4 , FR - i Ii. and s’arial,le hoods. Any envi ronment can be load~d, and the sy stem console

operator can select any combination of tankers and hoods: cg. ,  KC-l35 tanker with FR-Ill hood,

Tliesc data bases arc s tmmm nar i-,cd in ‘Fable 1. A mmmd cl sumlimnar y giving model acronyms, environment
l oca ti on . s u e, software address , and descri ption for each environment is given in A ppendix B. The S’.irmous

S
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Table 1. Aerial Refueling Configurations — Data Base

ARF ~I Trainer Ill Files C3 & E

100’~ Com plex Tanker Variable Hood LOl)1 l)ay
9~ X Com plex Tanker A-7/ F-4 Hood LOl)l I)ay
75~ m Austere Tanker Variable Hood 1.01)2
50mg , Austere Tanker A-7/ F-4 Hood LUI)2 l)ay
25’~m Night Tanker Variable Hood 101)3 Night
10% Night Tanker A- 7/ F-4 Hood I~OI)3 Night

Sense SW. CPU-A 0, II, & 12 CPU-B None

ARF ~2 Trainer III Files C & D

1 O0 ’-~, Com plex Tanker Variable Hood l.( )I)l I ) m y
Com plex Tanker FR-Ill Hood LOI)l I)ay

75 ’~’~ Austere Tanker Variable Hood LOI)2 I)ay
5OY~ Austere Tanker F-Ill Flood LOI)2 l)ay
25 ’~ Night Tanker Variable Hood Lt)D3 Night
lO~ m Night Tanker FR-i l l  Hood LOD3 Night

Sense SW. CPU-A 0, ii , & 12 CPU-B None

ARF ~3 Trainer Ill Files H & C

DM A FB Variah ie Hood Day
9&’~ I)M AF B A-7/ F-4 Hood l)ay
75’ m DM AF R FR- Ill Hood I )ay

Com plex Tanker Variable Hood LOl)1 I)ay
25~~ Comm i plex Tanker A-7/ F-4 Hood LOI)I I) i v
1O~ Com plex Tanker [B-I II Hood LOl)b Day

Sense SW. CPU-A 0. 11 , & 12 CI’U-R Nomte

window hoods are shown in Figure 4, and their dimensions are given in Table 2. In addition. a l ist of the
number of m odel partitions, objects, faces, edges, and vertices for eac h tanker and hood is given in Table 3.

Davis-Monthan AFB and vicinity (approximatel y 1.200 square miles) are modeled svit h the
touchdown point on runway 30 at the CIG environment coordinate system origin.

The refueling tankers are fixed in space at 15,000 feet above mean sea level heading due eas t in a
straight-and-level attitude. An adj ustment was made to t h e  receiver aircraft ’s visual veloci ty so that ti le
tanker appears to be fly ing at 200 knots.

b. Refueling tankers

Comp lex KC-135 tanker. This complex day model was converted from another CIG sys t cm im
into the ASPT CIG format. The conversion resulted in a 1.000-e dge m odel , exclud ing the director lights. In
order to implement operational director lights on the underside of the fuselage , it was necessary (because
the number of obj ects per model is limited) to partition the nmain fuselage into separate models (Figure 5).
This procedure , of course , increases the number of model edges. After a number of test flights , additional
mark ings (visual cues) were added to the model’s unders ide , again creating additional edges. The final
KC-135 model with director lights had 1,127 edges. The final KC-b 35 complex tanker model did not fully
use the edge capacity of the ASPT system . An additional study to deter m ine the im pact of tanker mmtodel
edge density should be conducted.

Figures 6 through 13 are photographs taken at the ASP’I’ CIG Maintenance Console URT showing
var ious pilot viewpoints of the complex tanker. Figure 9 shows the tanker in refueling position. Note t i le

director lights are on center indicating to the receiver aircraft pilot that he is in t h e  refueling envelope. The
pilot actually sees more of the tanker than shown here because the FOV spans several display channels.

9 
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Figure 4. Aerial refueling FOVs.

10

~ 

______________________ - . --



________ - - 
—-.~-~~~~—~~~~~~~~~~~~~~~ —-— ~~~~~~~~~~~~~~~~~~~~~ ‘ “ — ‘ — “ - ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table 2. Field of View SpecifIcations

FB -I I I A Three Window — Off Axis

Pilot Front ±24° H;
+19°, —1 7°V

Pilot Left —78.7°, —30 .7° H;
+9~ ; —27 °V

Pilot Right +35.5° ,+64.5°H;
±11° V

A-7D/ F-4E Three Window — On Axis

Pilot Fron t ±22.5° H;
+20°,— 15°V

Pilot Left —22.5°, —57.5 ° H;
+bo °,—29°V

Pilot Right +22.5°,+57.5°H,

11-52 One Window — Off Axis
±24° H
—8°,+30°V

A-lO One Window — On Axis
±22° H
—20°,+15°V ,

Table 3. Aerial Refueling Models

Name Mode ls Objects Faces Edge s Vertices

Complex Tanker (KC-135) tO 73 561 1,1 27 666
Austere Day Tanker 5 20 99 213 138
Austere Night Tanke r 8 23 107 241 164
A.7/F-4 FOV Hood 1 12 72 118 64
FBI II FOV Hood I 10 100 162 75

i -I

_____ -— —_
~~~~~~~ - --- —-~~~~ -- --- -.-~~ - ---— - - —~~~~~~~ -. —~~~---



—

X = 40
Plane

X = 36.25
Plane /

/ II,
// I
//

X = 2 2  //

Plane A’ I

I
, /

1/  I I
1/
//

/ 1  I 
1
/

/ 1/A’
‘I/ I / 

~~~~~~ /~/ I / ‘ \  /
/ 1/  I

/ v / 7 .~~~~~ -

/ /\
/ S / / ~~~~~~~ ‘ /X= 17 / \ / / d” /‘ /

Plane / / ,>.~~7 ~ 
—

/ / / ~~~~~~~~~~
/ / / /  / /

/ / , / / Director
/ /“

~~~~~ / / Light

/ / / / /
/ Panels

/ / / / /
Y = O  / / / / /
Plane / / /

/ / /
/ / /

/
/ 

,
/
/

/
/
/
/
/ I ~~~~~

/ 
/
/ /

Figure 5. KC- 135 main fuselage (partitioned for director lights).
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Complex K(’ .135 tanker -rear view.
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1- mt,’ure ‘
~. Complex tanker—refueling approach.

I - im,’ure 9. Complex tanker—refueling position.
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/ -lg ur e U) . Com plex tanker and A.7/F4 FOV .

I-zm ~z~rt ’ II . Complex tanker and F B- I l l  FOV .
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I ’igure 12. Complex tanker and B-52 FOV .

/ ‘ieurt ’ / 3 . Complex tank er and A .lO FOV.
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while the tnai ntct mammce console CRT shows only one chamm nel of the ASPT seven-channel displa y. Figures 10
through 13 give the four FOVs ; i.e., A-7/ F-4 , FB-1 II , 11-52 , and A- b . TIme rounded borders are time console
CRT boundaries.

Day austere tanker. l’his tanker wa mmiodckd from a photograph (Fi gure 14) provided by the
Simulator System Prugrammi Office . ASI)/SI)24. The resulting model looked almost identical to this photo
and cons isted of the desired 85 edges; however , during initial refueling trials, it was found necessar y to add
more detail to the model resulting in a final edge count of 21 3 edges.

Figures 15 through 20 are photographs of the austere day model , showing various receiver pilot
viewpoints with differing window/hood configurations. Figure 16 shows receiver in refueling position .

Night austere tanker . This night tanker is identical to ch~ day austere model exce pt for the
wing and stabilizer gray shades and wing, tail, and boomn lights. The addition of the lights increased the edge
count to 241. Figures 21 and 22 give two viewpoints of this mnode(;i.e., with and without the B-52 window
hood.

c. Refueling booms

The booms are mimoving models hinged at the fuselage. The boonm attitude is controlled by the
basic simulator software . The boomn ’s length is fixed at timid-extension which would place the nozzle tip at
the refueling envelo p center (Figure 23). The KC- l .35 tanker boom has 148 edges; the austere model booms
have nine edges. These booms can be seen in photograph Figures 7 and 17.

d. Director lights

Originally, the director lights were modeled to the scale of the real aircraft (Figure 24).
However, because of the ir resolution resulting from the shallow rece iver pilot viewing angle (Figure 25) , it
was necessar y to enlarge the lights. Use of enlarged director lights did not affect pilot acceptability of the
KC-l35 tanker model. The directional letters F (forward), A (aft), L) (down), and U (up) were removed ,
since they were distracting and their incorporation was not found necessary to the mission.

The director lights are illuminated, depending on the position of the receiver aircraft ’s refueling
rece ptacle relative to the refueling envelope center. The receiver director lights illumination profile is shown
in Figure 26. When the receiver receptacl e is positioned near the cente r of the refueling envelope , the
director lights equal signs (captain’s bars) are illuminated. If the receiver receptacle drifts off center, the
equal sign lights ext inguish and the correction indicator lights (come forward (F), go aft (A), come up (U),
go down (D)) illuminate as necessary. The position of the refueling receptacle relative to the ASPT eyepoint
for the various simulated receiver aircraft is given in Table 4.

e. Airfield

As was mentioned previously, the takeoff and landing airfield is a model of Davis-Monthan
AFB and its surrounding environment. Study requirements included takeoffs and landings with the various
cock pit FOV configurations. Figures 27 through 32 show airstrip approach with and without restricted
FOVs.

2. Variable/Slewable Display Window Configuration

The Aerial Refueling Study required the generation of several simulator cock pit window
configuration displays with various sized FOVs. Four different sized FOV displays were generated . with
two displays being single-window and two displays being three-window FOVs.

The ASPT system has a capability called the Variabie/Slewable Field of View feature which j c rmits
the user to generate any size single window FOV display (from ±2° up to ±120° az imuth; +80 . —60°
elevat ion) by interactively inputting the size of the desired display via CRT terminal and key board. This
feature also allows the FOV display to be slewed throughout the ASPT wide-angle FOV display in
conjunction with the pilot ’s head movement. This is accomplished through inputs from a helmet sensing
device which utilizes infrared beams and sensors to calculate the helmet attitude.

Minor software modifications were made to this feature to permit the FOV display fixed (frozen) by
operator command once it was moved to an optimum location by the pilot.

The A-10 and the .B-52 simulator cock pit single window configuration displays were generated using
the standard ASPT Field of View Program. The three window FOV displa ys . (the A .7/ F-4 and the FB-1 11
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F igu re 14 . ASD/S024 austere mode l.
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I ’igurc ’ 1.S . Day austere tanker.

I

Figure 115. l)ay austere tanker—refueling position.
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l Igmire / 7  Day austere tanker and A.7/ F4 FOV .

I ’igurt ’ /8. Day austere tanker and FR-I II FOV .
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I -~g,i re 19 . l)ay austere tanker and B-52 FOV .
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1-f r ur e 21) . Day atmstere tanker and A- b FOV .
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I n .’ure 21 . Night austere tanker .

~

,-

I ,g, ir 22 . Nigh t tanker and 11-52 FOV .
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l igu re 24 . K(’-135 director lights.
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l ig ure 25 . KC .l 35 director lights viewing angle.
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RECEIVER DIRECTOR LIGHTS
ILLUMINAT ION PROFILE
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Figure 26. Receiver director lights illumination prof ile.
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iabl ( 4. Receiver Receptacle l)eviation from ASP’I’ Cockpit Eyepoint

Air craft Fore/A FT Right/Lef t Up/Down

R 52 2.0 1 iii mIt 0.48 iii right 0.74 in up
1-4 1 2 .1 1 m m a f t  - 0.44 mu up
FIt - I l l  4.34 mmm a f t  — 0.22 rim down
A- 10 0.93 mm i tmmrc 0.94 mmm down
A -7 2.90 rim aft — 0.23 rm m imp  

- -

ppI
~~

. 
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F igure 27. Davis-Montha n AFB—runway 12. 
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~~~~~~~~~~~~~~~~~~ i!EL~~~~~~~~

bigure 28. Davis-Monthan AFB—runway 30.
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f igure 29 . Davis-Monthan AFB and A-7/F.4 FOV.

Figur e 30. Davis-Monthan AFB and FB-l II FOV.
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F ig u r e  3/ Da~is-Monthan AFII and 11.52 FO~~

F igure 32. 1)avis-Monthan AFB and A .bO FOV .
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displays) required various ASPi’ on-line software mmmodifications and the generation of two special im mask s
(hoods) to restrict the FOV displays.

3. Boom Dyna m ics

The boom dynamics program receives the requested position and requested rate of the boonm
coordinates front the operator logic programim. The booni dynamics programu simulates the response of the
physical operator/boom system, assuming a skilled boom operator.

The reaction ti m e based on the operator ’s perception and physical movements , as well as the reaction
t imne of the boom system , are figured into the model.

4. Flow Field Effects

Changes in the aerodynamic coefficients due to the KC-135 flow field are calculated by this program.
Only time near field (refueling envelope), wings-level condition is modeled. The relative roll variation is
assumed negligible, and the near field to far field dependency is assumed to be linear . The coefficients are
given as a function of lateral displacement of aircraft center-of-gravity locat ions at different values of
vert ical displacement. The flight coefficients are non-dimensional and consequently require only slight
adjustment, depending on the type of aircraft which is being simulated as trailing the KC-1 35. In the case of
this study, the flow field coefficients (lift , pitch, and roll) were refined, using multiplication factors
displayed on the CRT screen.

These flow field coefficients are simply added to the respective aero dynamic coe fficients.

5. Receiver Aircraft Handling Qualities

To complete the primary research objective, the basic refueling task had to be accomplished in an
efficient and timely manner. To facilitate accomplishment of this basic task , handling qualities of the T-37
simulator were adjusted to emulate two broad categories of receiver aircraft . For pilots with tactica! aircraft
ex perience, a general “fighter” configuration was established, and for strategic bomber crews , a “bomber”
confl’ uration was developed. Both configurations were variants of the basic T-37 simulator math model. As
originally developed, this model contained several factors , or multipliers, for adjusting the influence of
numerous stability and control derivatives and general aircraft parameters. For the aerial refueling stud y,
this capability was increased by adding factors for the basic drag coefficient , net thrust, and engine res ponse
(i.e., accelerat ing and decelerating). Flight test maneuvers were utilized to determine what value each factor
should have. These manuevers included a control harmony investigation, level accelerations, and standard
stability and control step and doublet control inputs.

Common to both configurations was a requirement to adjust the engine response. Evaluations of T-37
engine response by pilots of varied background indicated a need to increase the engine response. This was
especially critical as the slow acceleration and deceleration of the T-37 centrifugal flow engines,
compounded with limited visual cues for fore and aft movement, frustrated pilot attempts to control
movement along the aircraft longitudinal axis. Engine response was increased by factor adjust ments to the
engine RPM/throttle-position time constant in the thrust module. Based on these changes, the engine
acceleration time from idle to military was changed from it to 5 seconds. Visual perception of motion
along the aircraft longitudinal axis remained a problem. An additional study should be conducted to
determine which tanker model characteristics provide the pilot the best cues for movement along the
longitudinal axis.

Additional changes for the fighter configuration included an increase in the pitch sensitivity and pitch
damping. This was done to increase the pitch response and yet maintain good damping. The combination of
pitch sensitivity and damping typified a fighter aircraft with operable stability augmentation equipment.
The total thrust, gross weight, and drag were also adjusted to provide faster aircraft acceleration and
decelerat ion. Attempts were made in early tests to also increase the roll sensitivity, but these adj ustments
tended to result in moderate to severe lateral pilot-induced oscillation when combined with limited FOVs.
Since the basic T-37 simulator was sensitive in roll, a further increase in the lateral control for the fighter
configuration was not deen~d appropriate. Similarly, degradation of roll performance could mask test results
caused by the limited FOVs; therefore, the basic T-37 roll configuration was judged the best compromise.

To simulate the more massive characteristics of bomber-type aircraft, simulator responses about all
three axes were degraded in vary ing levels. Additional adjust ments were made to lateral-directional
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derivatives to increase tIme tendency for cross-coupling. To control horizontal acceleration and deceleration
of time bo,mmber conuiguration. total thrust, gross weight , and drag were also changed. To evaluat e these
changes. 11-52 qualified test pilots front the 65 1 3th Test Operations Squadron at Edwards AFR flew the
simmmulator with time changed simulat or factors. These flights occurred after the subject pilots had com im pleted
their test sorties. Qualitative conmnserm ts by the test pilots indicated that , while improvements had been
mmmade from the baseline T37 configuration, they had not bee mm optimized and additional improvements
were possible with further r~fi rmenments to simulator constants. The lack of optinmization is not considered to
have affected the test results. (See Appendix U.)

Additional handling qmmali ty engineering development should be done to evaluate change s associated
w ith time tanker bow-wave and receiver weight changes during refueling.

A summ imm u r y of changes to T-37 aircraft parameters and stability and control derivative is contained in
Table 5.

Table 5. Simulat or Factors

Simulato r Factor Tra iner Bomber Fighter

Basic Drag 1.0 1.7 2.1
Net Thrust 1.0 1.4 1.7
E ngine Response — Accel 1.0 3.75 3.75

Engine Response — Dcccl 1.0 7.5 7.5
Pitch Due to Elevator 1.0 0.6 1 .2
Pitch Due to Pitch Rate 1.0 1.4 1.3
Roll Due to Aileron 1.0 0.5 1.0
Roll Due to Sideslip 1.0 I .5 1.0
Yaw Due to Rudder 1 .0 0.8 1 .0
Yaw Due to Aileron 1.0 1.4 1.0
Downwash - -  Lift 0.3 0.3 0.3
Downwash — Pitch Moment 0.3 0.3 0.3
Downwash — Roll Moment 1 .2 1 .2 1.2
Gross Weight 6,300 7,500 6.000

6. Cock pit Configuration

The simulator cock pit utilized for the Aerial Refueling Study was that of a T-37B jet trainer aircraft
including canopy bow and w indscreen center support. All instruments and indicators were operational.
Although the T-37 aircraft does not have an aerial refueling capability, no additional special instruments or
indicators peculiar to the aerial refueling task were added to the simulator cock pit. The simulator cock pit
configuration may be observed in Figure 33.

7. Au.aI Cues

In addition to the visual simulation of the director lights, auditory simulation of the boom operator
was given via verbal directions to the receiver aircraft pilot by the console operator. This was accomplished
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F igure 33. 1-37 simulator cock pit.

ut ilizing the alphanumeric graphics display whic lm provided real-time fore/aft , right/left , and up/down
nmagn itsmdes to achieve contact. Upon contact , the ASPi’ com puterized voice would respond “ON” , mtm d
“o FF” upon disconnect. Other simulated auditory cues include the engine whine aimd tire squeal upon
totmch down.

8. Performance Measurem ent

As part of the Aerial Refueling Study, a performance measurem ent task was developed using the
preprogramming system on ASPT. The task was part 0f the study phase which evaluated performance from
pre-contact to contact , plus a predetermined amnount of contact time. 11 a disconnect occurred after
contact , the t ime to re-contact was recorded .

The scoring profile was as follows : After initialization at pre-contact and unfreezing. measurement
cons isted of deviations in horizontal and vertical about a line from pre-contact (3.05 iii low and 15.24 m aft
of the des ired contact point) to contact. Along with this, the t ime from unfreeze to contact was recorded.

Once contact occurred, measurement was performed on three ases about the desired ideal contact
position. Two of the axes were as from pre-contact to contact, horizontal and vertical. The other axis was
that of the boom. This measurement continued for 11/2 minutes of contact time on fighter-t ype aircraft and
three mlm inutcs on contact time on bomber-type aircraft . If during this period a disconnect occurred, the
number and the time of the disconnect were recorded. Scoring did not take place while attempting to
reconnect after the initial contact occurred. After the desired contact time exp ired. a “Break Clear”
comimmand ternm inated scoring and ended the task .

In order to get an idea of pilot workload, two smoothness profiles were collected. Each profile
cons isted of selected aileron, elevator , rudder, stic k, and throttle positions, forces, rates, and accelerations
including the root mean squa re of certain values. The two profiles were from prc’~contact to contact and
from contact to “Break Ckar” comman d (including all disconnect t inme). These data were subsequentl y
stored on the disc utilizing time ASPT student data system u.
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As part of tim~’ mtit’astiietiiemi t , time follow imig to lc’ram mces were used:

Pre-commt act to contact:

Horii(’mltal t~ .l 0 ti m
Vertical ±3.05 j im

i-h’ri-,ontal ±3.72 in

Vertical ±1 .43 iii
Boom im Ext ens io im ±0,95 iii

Nt YTE : ‘rime contact limits approx im imate tIme Green to ( rc’eii/Yellow to Ye llow area of t h e  boomi m ex tL ’ m m siori
(Figure 2b).

To . i ss i s t  the console operators . .t mew grap lm ic di5pl~ y I i~~t i o -  t-t ,~ sv.e~ deve loped it the .idv ,iru cd
~omiso le ut ASPT. i’iie display om ms isted of a top aimd ~id~ view ut t in- ainra lt ~iid hoomii . In addition . w heim
})rc ’-Coi mt act sva ’. reac imed . the term il ‘‘I~R [-CONT ACT” would ui.t s im oil time disp i~~ When co mi tac t u~~ ti rrec i.
c ircle would appe.lr and f lasim twice , If a disco nmiect Imappeimed , aim ‘ ‘X ‘ wo uld appear c ver the ci rc le ~id
flash tw ice: and w hemm reconnect occurred , the ‘‘X” would disappear and time circle WoUld ll~sii twict - . Iii
.mdd ition. contact ~nd curremm t disconnect t i th es were disp layed. Time grap h i c  display rif hoomii j )ositiuii .iti~1
re’_ c iver a ircraft .iss istcd operators/pilots duriimg tra immi imi.~ ari d research studies of the air reflleliimg t ~~~~ -

S

- -, r 
-

~~~

l mgurt ’ 34 . Boom/receivet aircraft graphics display.
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I ’igur e .36. Aerial refueling control page.
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Condusions

The use of tise AS~~ CIG visual system allowed considerable flexibility in duph icatim ig t ime vario u s test
fields of view and window configurations under consideration.

Use of enlarged director lights did not affect pilot acceptance of time KC-l 35 tanker model .

Visual perception of motion along the longitudinal aircra ft axis remained a problem.

Qualitative cOnmments from B52 test pilots indicated the adjusted T-37 hamidling qualities were an
inmproveme nt frotn the baseline but not opti ttm izcd . Time lack of optinmization is not considered to have
affected test results.

The graphic display of boo m position and receiver aircraft assisted operators/p ilots during training
and research studies of the aerial refueling task.

Recommendations
The final KC-135 complex tanker model did not fully use tIme edge ca pacity of tIme ASPT system. An

additional study to determine the impact of tanker model edge density should be conducted.

An additional study sisould be conducted to determine what tanker model characteristics provide the
pilot the best cues for mnovement along the longitudinal axis.

Additional handling quality engineering development should be done to evaluate cimange s associated
with the tanker bow-wave and receiver change in weight during refueling.

In consideration of the knowledge gained from this project. the opportunity exists to apply this
information and thereb y, obtain a further refimsement of the ASP’!’ Aerial Refueling capability, It is,
therefore , recommended that a second phase of this project be initiated to investigate time inmP’act of time
system refineunents on pilot performance relative to the issues of FOV and tanker model visual cue
requirements.
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DMTU —2.25 4.55 237639 40M16 1)51 Tucsotm T est urc
DMWM —16.04 —0.65 19999 40M16 I)M West Mout>tain
DRMA —0.67 0.67 54563 40M16 I)M Rnwv \ la rkit lgs
DRMB —0.67 0.67 54563 40M16 I)M Rnw ~’ Markittgs
DRMC —1.28 1.28 12307 6M104 I)M Rtiwv Markit tgs
l)ROA —0.63 0.74 53646 40Mb I)M Rut iw av Cutouts
1)TXA —1.16 1.64 8944 6M1 04 I)M West Tax iw :(vs

A7F4 —0.02 0.00 28284 40Mb A-7/ F-- -1 FOV Hood
AMBI 0.00 0.00 2828 40M17 KC 135 Nose Fuselage
AMB2 0.00 0.00 2828 40M17 KD-135 Maihi Fuselage
AMB3 —0.02 0.00 2828 40M16 KC-135 Left Wit mg
AMB4 --0.02 —0.02 2828 40M16 KC - 135 Right \Vihlg

AMB5 — 0.02 0.00 2828 40Mb KC-135 Rear Fliselage
AMB6 - 0.02 0.00 2828 40Mb KC-l35 Tail Sectioum
AMBA 0.00 0.00 2828 40Ml7 KC-1 35 Dir. Lt. Lf. Fuse.
AMBII 0.00 --0.02 2828 40M17 KC-l 35 I)ir. Lt. Rt. Fuse.
AMBC 0.00 0.00 2828 40Mb 7 KC-135 I)ir Ft. Frotit Fuse.
LTLF --0.02 0.00 2828 40M16 Nighm t Lt. Lf. Wing
LTRT -0.02 —0.02 2828 40Mb Nigh t  U. I(t. Wit ig
SLFS --0.02 —0.02 2828 40Mb Austere I.f. Stabili ,er
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None N Miles 5 \lilu s Ik ,RlliIs ‘S t r . ~ I ) i . s~

SNI S 0.02 1) 1)2 2828 405 111 NLI i t  f I. ‘ - .1l iht ,1
SNI. I: 0.02 0.00 2828 40M11 Night I f . I l51 l.i~!1
SN RF 0.00 0.02 2828 40M17 Niijlt Rt . ~~~ lade
SNTS - 0.02 0.00 2828 40M 1(m Ni~y I(h Itt. Stabil i,cr
SRTS - - 0.02 0.00 2828 4OM Itm Austere Rt. Stabili,er
STLF - 0.02 0.00 2828 40M16 Austere II. I ust’ lage
STRF 0.00 0.02 2828 40Mb7 Austere Rt . 1- usc lage
TLLT - - 0.02 0.00 2828 4 O Mb ( i Night It .  Tail
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APfl~’NDIX C: DETAILED VARIABLE /S LEWAIILE
I)ISPLAY WINI)OW CONFIGURATION SOFTWARE MODIFICATIONS

The following paragraphs descr ibe the software modifications required to process the special
t h ree-window FOVs. Refer to Figure 4 for the four FOV sizes.

Helmet Sensor Freeze/Unfreeze Function (CPU-A)

Two data pool variables in the CPU-C and CPU-A comunon memory are used for the freeze/unfre eze
capability. CPU-A tmmem xy address 1B7EO contains the control flag (zero means unfr”ezc. non-zero
indicates f reeze )  and address 1B7E4 contains the latest pitch and yaw data received from the helmet sensor
de iic c prior to the freeze command. This function is used to allow the displayed FOV to move with the
pilot ’s helu mmet umsovetnent and to be frozen at any location within the ASPT Visual S ystem display

~ o I t t t r . i i f lts .  This feature was used with all four FOV displays.

Q .i~
FREEZE CONTROL WORI) NON-AERO-FREEZE
PITCH VALUE YAW VALUE

INTERFACE CONTROL WOR DS FOR FIELD OF VIEW
FREEZE/UNFREEZE FUNCTION

Hood Processing Modifications (CPU-B)

Two special hoods were constructed for the Aerial Refueling Study to limit the FOV. They are the
A-7/F-4 and the FB-111 hoods. These hoods consist of three window fields of view each and were made to
remnain positioned relative to the cock pit’s viewpoint and move with the cock pit ’s unovensent ; however , if
the helmet sens ing dev ice is being used, the hoods will move in conjunction with the helmet movement. The
follow ing paragrap hs define the software modifications relative to the hood processing.

Special Hood Priority

The special hoods (A-7/F-4 and FB-111 FOVs) used were normal models read from the disc. The
objects which have bit 24 set in their Active Object List (AOBJL) entries have priority over all other
objects. When objects of this kind are active in the display, then no MODPLIST entry should be built for
the models containing these objects or else priority problems will occur.

The AOBJL routine normally sets a bit of wor d tO in the CPU3BOOK entry of a model if any of the
model’s objects are act ive, after which the MODPLIST routine builds model priority list entries for all
models having their respective bit 0f word in the CPU2BOOK entry set. The AOBJL routine was modified
to prevent the relevant bit from being set for models with special objects to prevent the priority problem.

PAOL and AOBJL Control Table Modifications

CPU-B’s “SHIP” rout ine was modified to look at the special hood model’s control bits (Bits 27 and
28 of MODTAB+2W) and if they are set , then set bit 9 in each of the hoods’ object entries into the PAOL
(Potentially Active Object List ) table. CPU-B’s “BUILD” routine was modified to test bit 9 of each PAOL
entr y and if set , then set bit 24 in the AOBJL for this object. If bit 9 is not set, then continue normal
processing. Also , if any object has bit 24 set in the AOBJL, then the control wor k named “FOVFLAG”
must be a non-zero value so that the special hood dynamics will be used for all objects with bit 24 set in the
AOBJL.
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APPENDIX 1): TEST PILOT EVALUATION OF ASPT AIR REFUELING PROCEDURES

Pilot Debriefing Summary

On 16 Februar y 1978 , Maj Hank Hoffmmmun and Capt Tom Lebeau (6512th Test Squadron, Edwards
AF B) conducted a qualitative evaluation of ASPT fly ing qualities and visual presentation for the Air
Refueling Study.

Time basic objective of the Air Refueling Study was to evaluate various fields of view during simulated
air refueling tra ining. To assist in accomplishing the air refueling task , the handling qualities of the T-37
sinmulator were adjusted to emulate two broad categories of aircraft : fighter and bomber. Both pilots
observed that the adjusted handling qualities were an improvement upon the basic T-37, but were nowhere
near optiunized as a 11-52 bomber. They provided valuable corrections to the handling qualities which
allowed a truer representation of the bomnber-type aircraft. As observed during the engineering development
and data collection, the primary problem was an inability to control movement along the longitudinal (X)
aircraft axis. This difficulty was caused by:

1. Poor simula tion of bomber acccle rati on /decc lerati on.

2. Absence of definite visual cues for the tanker model.

3. Absence of sensual cues for fore and aft motion.

Based upon their observation, the handling qualities were adjusted to:

1. Degrade engine RPM deceleration.

2. Degrade engine thrust.

These changes resulted in making the simulator more “inertia” sensitive such that small changes in
engine RPM did not result in such large changes in aircraft acceleration/deceleration . This tended to
increase the pilot’s ability to control position along the aircraft X axis and hence minimize fore and aft
refueling disconnects.

The pilots also provided the following general observations:

1. The T-37 model is too roll sensitive with the visual lagging slightly behind the aircraft.

2. Future tanker models should include a lower UHF antenna simulation with a single reference line
behind the antenna for fore and aft position cues.

3. The B-52 “hood” appeared larger than the actual aircraft and various hoods did not appear to
increase the difficulty of the task.

4. There was not sufficient change in difficulty associated with the night and day models. The day
model was as difficult as actual night re fueling and the night model did not vary significantly.

5. There should be a math model of a drag increase as the pilot approaches from pre-contact to the
contact position.

6. There should be an audible cue of the air passing by the canopy associated with proximity of the
boom. -

7. The rolling moment in downwash should be increased slightly.

8. Rough air can be an aid in training, and as student proficiency increases , rough air can be added
to increase task loading. It is mandatory that students not be discouraged; student confidence must be
maintained throughout training.

9. The director lights are a ver y valuable cue even for day refueling. Lack of resolution did make
our lights somewhat difficult to see.

bO. The night tanker should have the shading reversed with the wings a dark gray and only the lines
representing the engine nacelles a light gray. Also, some background lights should be added along the
director light panel.
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