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NOTE: This draft dated 1 August 1977
has not been approved and is subject
to modification.

DO NOT USE FOR PROCUREMENT PURPOSE

TRAINER PERFORMANCE
SPECIFICATION FOR
DEVICE 2B40, AH=-63/64
FLIGHT AND WEAPONS SIMULATOR

"This specification has been approved by the Naval
Triining Device Centar, Department of the Navy."

padea

1.1 AThis,specification covers the requirement for the
design and fabrication of Device 2B4¢, the Advanced Attack
Helicoptar (AAH) Flight and Weapons Simulator (FwWS)., The
AAH is a twineengine, rotary-wing aircraft dnligncdfko
destroy or dilrupt enemy armor and mechanized forces by aerial
firepower. -The training device will consist of a pilot trainer
and a copilot-gunner (CPG) trainer. The trainer will be used
for either pilot or CPG training, o: used in an integrated mode
for simultanecus pilot and CPG training. The trainer will
include a trainee station, an instructor station, a metion sys-
tem, a visual display, and a digital computation system with
peripheral equipment, .}» Len . \ T

2. APPLICABLE DOCUMENTS

2.1 Tha following documents of the issue in effect on the
date of invitation for bid or request for proposal, form a part
of this specification to the extent specified herein.

SPECIFICATIONS
Federal
L=-P=383 Plastic Material, Polyester
Resin, Glass Fiber Base, lLow
Pressure Laminated
Military
MIL«C=2902% Communication Systems for

Training Nevices, General
Specification for
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S
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MIL-STD-1378

MIL~-8TD-1389

MIL-T=23991

MIL=-P=25421

MIL~R-9673

Requirements for Employing
Standard Hardware Program
Modules

Design Requirements for Standard
Hardware Program Electronic
Modules

Training Devices, Military,
General Specification for

Plastic Materials, Glass Fiber
Base EpoxXy Resin, Low Pressure
Laminated

Radiation Limits, Microwave and
X-Radiation Generated by Ground
Electronics Equipment (as Re-
lated to Personnel Safety)

la
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Federal

FED=STD=595 Colors

Militar

MIL-STD=461 Electromagnetic Interference
Characteristics Regquiremen:s
for Equipment.

' STANDARDCS

MIL=8TD=471 Maintainability Verification/
Demonstration/Evaluation
: ) MIL-STD~781 Reliability Tests: Exponential
. Distribution
: MIL~-STD=-1472 Human Engineering Design Cri-

toria for Military Systems,
Equipment, and Facilities

-8TD=143 Specifications and Standards)
HiL=2 oOrder of Precedence for the
Selection of

<8TD=749 Preparation and Submission of
b M Datﬁ for Approval of Nonstandard
“} parts
!
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/
4
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[
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i
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PUBLICATIONS
Military
MIL-HDBK=217 Reliability Prediction of
Elactronic Equipment
MIL-HDBK-472 Maintainability Prediction

Department of the Navy

SECNAVINST 3560.1 Tactical Digital Systems Diocu-
mentation Standards

Naval Training Equipment Center (NAVTRAEQUIPCEN)

Report 74=C- AH-1Q (Cobra) Helicopter

0039-A006 Operational Flight Trainer
Weapon Systam Simulator,
Device 2B33, Configuration

Report

NAV'SO P=-3097 Automatic Data Processing
Glossary

Bulletin 30l1-2A Parts, Nonstandard; Design

Selection; Procedures for

Naval Ordinance Systems Command (NAVORDSYSCOM)

XWs 6788 Brayco 745
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Department «f the Army

AR 70=-44 DoD Engineering for Transporte
ability

(Copies of specifications, standards, publications, and draw-
ings required by suppliers in connsction with specific procure-
ment functions shall be obtained from the procuring activity
or as directed by the Procuring Contracting Officer).

2.2 Other publications - The following documents form
a part of this speciZfication to the extent specified. Unless
otherwise indicated, the issue in effect on date of invitation
for bid or regquest for proposal shall apply:

Fedaral Aviation Regulation (FAR)

AIM Part 1 Airman Information Manual

COM=1~AGA=3

United States Committee on Extension to the Standard
KEmosgﬁoro

U.§. Standard Atmosphere, 1962

(Application for copies should be addressed to the Super-
int;ndcg? of Documents, Government Printing Cffica, Washington,
DC 20402),

3, REQUIREMENTS

3.1 Materials arts, and processes - Materials, parts,
and processes shall ba in accordance with MIL=-T=23991 and as
specified herein. Materials, parts, and processes used in the
design of the digital computers and visual system assemblies
shall conform to i°°d commercial practices and standards. The
dasign of the trainer shall be such as to limit the number of
types and quantities of electromechanical and electronic parts
which do not conform to Group I specifications as defined by
MIL-STD-143. The contractor shall maintain a daily log cf all
parts meeting only the requirements of Group II, III, or IV
specifications and drawings for inspection. An information
copy of the updated portion of the daily log shall be immedi~
ately submi-ted to the Procureing Contracting Officer (PCO),
Coda N=2222, each time a Eart meeting the requirements of
Group II, III, or IV specifications and drawings is added.
Procedures for requesting specific waivers to use nonatandard
items and the data requirements for obtaining approvals for
these regquests shall be as specified in MIL-T«23991 and MIL=-
87TD-749. Procedures applicable to electronic type items are
detailed in Bulletin 301-2A,

ottt Lt . e e e
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3.1,1 Plastics =~ Plastic material used to fabricate the
cockpit shell shall be in accordance with L-~P-383 or MIL~P-
25421,

3.1.2 Standard electronic modules (SEM's) - Standard
and predeveloped specia EM's w e considered as standard
parts and no written approval to use will be required., New
special SEM's that may be developed for this contract must
comply with the reaquirements of MIL-STD~1378 and MIL-STD-1389.
Daviations from MIL-STD-1378 must be approved by the Procuring
gontracting Ofticer.

3.1.3 Microcircuits and semiconductor devices - Plaatic
encapsulated microcircuits and semiconductor devices shall not
be used except whare thay are a part of commercial off-the-
shelf equipment. Transistors, diocdes, microcircuits, integratad
circuita, and semiconductors encapsulated in the T0-92 plastic
package shall not be used in any part of the trainer., Failure
rates usad in reliability predictions for plastic encapsulated
microcircuits shall be four times the established failurerrate
for non-=plastic microcircuits.

3.2 Design - Design shall be in accordance with MIL-T=
23921 and ag specified in 3.2.1 through 3.2.6 of this specifi-
cation,

3,.2,1 Design basis - The trainer shall provide training
in aircraft control, cockpit preflight and starting procedures,
normal and emergency procedures, navigational and instrument
£light procedures, gunnery procedures and proficiency terrain
flight, coordinated tactical migsion, and shutdown and cockpit
post flight procedures forthe AAH helicopter. Both instrument
and visual flight training will be conducted. The design

basis alrcraft shall be the AAH helicopter production unit
Number 1, The performance characteristics of the various modes
of operation of the trainer shall reflect the characteristics
of the operational aircraft within such tolerances as to result
izlfidclity of simulation necessary for the training of student
pilots.

3.2.1.1 Strangth - The trainer shall withstand, without
damage, stresses incident to movement, handling in transit,
hoisting, and tiedown aboard transporting vehicles, final
inatallation, and use.

3.2,1.2 Housing - The trainer shall be designed for
installation in permanent housing to be provided by the Govern-
ment.

3.2.1.3 Cooling - Except as otherwisa specified herein,
trainer cooling shall ba in accordance with MIL-T-23991. The
trainer shall be designed to meet the climatic conditions of
MIL-T=23991 by utilizing ambient room air to the maximum extent

4
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possible. The use of supplementary air ducting shall be mini-
mized. Temperature and air flow warning devices shall be
mounted at eguipment cabinet exhausts to sense potential "over
temperature" conditions. The threshold level of sensing shall
be adjustable,

3.2.1.4 Lighting = Trainer illumination shall be in
accordance with %ab @ XIX of MIL=STD=1472 and as spacified
herein.

3.2.1.4.1 Instructor station lighting = Illumination ~
shall be provided at the Instructor statior to adeguately illu-
minate all panels, displays, recorders, instruments, controls,
and work surfaces., This lighting shall not provide glare or
other distractions to the instructor or to the traineas. The
lighting system shall not cue the trainees of instructor
actions through shadows or flickering of lights.

3.2.1.4.2 Maintenance lighting - The existing utility
power circuit shall be used to provEdo lighting in the trainee
station area, under the trainer, and in any other normally dark
or dimly lit areas where maintenance may be regquired. All
bulbs shall be guarded from accidenial breakage. Each group of
lights shall be controlled by conveniently located ON/OFF
switches. Reel-type extension cords may be utilized.

3,2,1.4,3 Emergency lighting - An emergency light set in
accordance with HIS-?-!SE§I shall be provided.

3.2.1.5 Acoustical noise - The control of acoustical
noise generation and penetration shall be in accordance with
MIL-STD-1472. Except in the trainee station, where scund
characteristics shall be in accordance with 3.6.1.9 of this

specification, the acoustical noise level in oparational areas
of the trainer shall not exceed noise criteria of MIL~STD-1472.

3.2.1.6 Ash receptacles.- Ash receptacles of appropriate

design shall be permanently installed at convenient locations
throughout the trainer. There shall be at least cne ash racep-
tacle for each trainee position, one for each instructor posit-
ion, and any other console or manned location. Ash receptucles
shall be provided for cbservers adjacent to instructor consoles.
Provisions shall be made for convenient removal of the contents
of ash receptacles.

3,2,2 Mechanical design.- Mechanical design shall be in
;c:grgancc with MIL-T-2399] and as specified herein and in

3.2.2.1 Trainer construction.- Major components of the
trainer shall be of modular construction such that installation,
assembly, and disassembly can be accomplished without special
equipment. Components shall be interconnectable by cable as-
semblies and hydraulic lines with easy disconnect connections

5
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80 that the trainer general arrangement and configuration may
be changed with minimum effort. Means for leveling each major
component shall be provided. Each major component shall have
provisions for lifting and moving by forklift.

3.2.3 Electrical and electronic design.- Electrical and
electronic design shall be In accordance w?th MIL-T=23991 and

as specified in 3.10.2.

3.2.4 Optical systems.- Optical system design shall be
in accordance with MIL-T-23991.

3.2.5 Human factors and training.- Design, selection,
and arrangement of eqqument shall be such as toc insure ease,
efficiency, and safety of operation in the performance of all
necessary functions by lnstructional, maintenance, and traines
personnel in fulfilling the intended use of the trainer.
Efficient and effective development of desired trainee skills
and parformance of all associated training functions shall be
the primary consideration in all decisions affecting the design
of the trainer and its component parts, In this regard, part-
icular emphasis shall be placed upon design for training of
the visual display and its interface with the trainee.

3.2.%,1 Human factors engineering.- The human factors
engineering data and requlrements © L-5TD~-1472 shall apply
to the design of all work places and man-equipment interfaces.
All aspects of trainer layout and configuration involving
personnel access or use (except as may be raquired to simulate
the configuration of the design basis aircraft) shall be gov-
erned by the dimensions of the human male using the 5th to 95th
percentile range as a minimum standard.
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3.3 PFlight and Tactical Instructor Stations. - There will
be a flight ?nstructor atation on the motion piatform and a
tactical instructor station in the computer area.

3.3.1 Flight Instructor Station. = The instructor station
shall be hounog to the rear of the trainee compartment. The
inatructor station shall include an adjustable seat mounted
on raills that will allow the instructor to move from a posi-
tion in front of the instructor station to a position so that
monitoring of the trainee is optimized. The instructor
station shall be provided with a console, which includes a
multi~purpose CRT display system and controls and indicators
necessary to monitor and control the training station and a
visionics display monitor. The station shall be designed in
accordance with MIL-STD-1472, and shall consist of the follow=-
ing:

(a) Program data display (CRT)

(b) Visionics (Visual) repeater

(¢) Instructer station indicators and controls

(d) Intercommunications system

(e) Instructor seat

() Work surface

(g) Storage area.

3.3,1,1 Program data display (CRT). =~ A CRT display

with operating keyboazd(s) lng aiiusEﬁont controls shall be pro-
vided at the instructor stations. The data display system
shall be dasigned in accordance with MIL-8TD=-1472 and shall
have the following characteristics:

(a) Viewing area: The CRT shall have a rectangular

data display area of no less than 180 square

inches. Maximum use shall be made of the avail-~
able CRT viewing area.
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(b) Mounting: The CRT shall be ruggedized and shock
mounted in such a manner that movement and vibra-
tion of the motion system shall not affect its
legibility, accuracy, or reliability,

(¢) Location: The CRT shall be positioned consistent
with instructor use.

(d) Flicker: The phenomenon of flicker shall not be
detectable, This requirement applies to any and
all lines, points, letters, symbols, or other
images displayed on the CRT.

(e) Symbol set aize: Not less than 80 different
symbols shall be included in the set available
for display on the CRT,

(f) Symbol stability: Peak to peak short term drift,
jittering or jumping of aymbols, dots, and lines
shall not be parceptible, The CRT traces shall
not wander or deform. Drift shall not exceed
3/16 inch over an 8-hour period.

(g) Glare: The face plate of the CRT shall be de-
signed to preclude glare.

(h) Symbol size: The physical size of the symbols
shall be a function of the maximum viewing
distance, resolution, contrast and brightness
of the terminal,

3.3.1.1.1 Modes of operation.- The program data display
system shall operace in three discrete modas; status mode,
problem control mode, and communication mode., Changing be-
tween modes shall require less than one second,

3.3.1.1.1.1 Status mode.- Status mode for the CRT shall
be used to present information to the instructor concerning
the status of the simulated aircraft., This information shall
be availsble as specified herein during training. The follow-
ing display tableaus are required:




]

(a)

(b)

Ground plots displaying traces of the flight
path of the simulated aircraft through a
portion of the problem world using instrument
area landmarks (intersections, airfields, comm/
nav facilitles, approaches) or color terrain/
tactical maps as necessary. The design re-
quirement shall be to display up to not less
than the most recent forty five (45) minutes

of the flight path trace on the appropriate
ground plot(s)., Time index marks shall be
placed at S-minute intervals on the flight
path., The areas represented by the plots shall
have scales selectable for 8 x 8, 20 x 20 and
40 x 40 kilometers. Each ground plot display
shall occupy a minimum of 144 square inches

of the CRT display area. The display system
shall have the capability of switching from
scale to scale in either direction and re-
taining the continuity of the problem.

A plot for displaying traces of altitude
profile and aircraft track for GCA approaches.
Upon activation of the automatic GCA control

at the instructor station the CRT shall auto-
matically display glide slope and azimuth plots
with tolerance envelopes, superimposed on a
one-mile grid network. The altitude profile
a?d alrcraft track shall be plotted on these
plots.

PP




3.3.1.1.1.2 Problem control.- In the problem control mode,

the problem data display shall be used during training mode
operation to monitor or modify initial conditions, establish
or modify the training situation and to accomplish temporary
(for the remainder of the training period) changes to the
training situation or simulation parameters as well as to dis-
play the values of each, Problem control data display
tableaus shall display for instructor implementation the
following:

(a) Environmental conditions

(b) Weight and balance conditions

(¢) Radio facilities

(d) Individual parameters of flight

(e) Initial condition parameters

(£) Alrcraft system malfunctions

(g) Amount of on-board fuel

(h) Exercise listing and tolerances

(1) Emergency procedures

(3) Demonstration listing

10
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(k) Current status of program variables (updated
with time).

(1) Tactical training status and control

3.3,1.1.1.3, Communication mode.~- In the communications mode,

the following information shall be displayable on the CRT
during training:

(a) Information concerning each simulated, pro-
gramed ground radio/navigation facility within
range in typical cross-country, approach and
landing situations, or tactical misasions.

(b) Clearance in effect
(¢) Friendly force identifications and frequencies
3.3.1.1,1.4 Status, problaem control, and comnunications

odes.- The following information shall be displayed on the
CRT during all three modes of 3.1.1.1,1

(a) Identification of any parameters of flight
which are frozen,

(b) Indication that the simulated aircraft is in a
freeze ox initialization mode. This indication
shall flash to indicate the aircraft has
crashed or is initializing.

(¢) Indication that a specified preprogramed or
manually inserted malfunction (by name) will
occur within 15 seconds (flash),for preprogramed
malfunctions,or is {n progress (steady).

(d) Indication of weapons status, including rounds
remaining on board.

3.3.1.2 Visionics Repeater.- A CRT visionics repeater
display with operating controls and adjustment controls shall
be provided at the instructor stations. This rapeater shall
have the following characteristics:

(a) Viewing area: The CRT shall have a rectangular
display area of not less than 180 square inches,
Maximum 1se¢ shall be made of the available CRT
viewing area,

1)
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(b) Mounting: The CRT shall be ruggedized and shock
mounted in such a manner that movement and vibra-
tion of the motion system shall not affect its
legibility, accuracy, or reliability,

(¢) Location: The CRT shall be positioned consistent
with inatructor use,

(d) Flicker: The phenomencn of flicker shall not be
detectable., This requirement applies to any and
all letters, symbols, or other images displayed
on the CRT.

(o) Glare: The face plate of the CRT shall be de-
signed to preclude glare,

(£) Symbol size: The relative size of the symbols
shall corraspond to those in the visionics
displays.

3,3.1.2.1 Modes of Operation.- The visionics repeater
CRT shall be capable of displaying any mode available to pilot
or copilot at the scale selected in the cockpit.

3.3.1.3 Instructor station controls and indicators.-
Keyset(s) and other controls and indicators sha e provided
to enable the instructor to perform the functions assoclated
with operation of the trainer and shall be locatad to facili-

tate utilization by the instructor. The following shall be
provided:

(a) Controls for the operation of the CRT and visual
repeater (e.g., focus, brightness, contrast)

(b) A keyboard to be used during the CRT communicationm,
problem control, and status modes, for data re-
trieval, for the insertion or modification of
data and to perform the CRT display control
functions, Keyboard usage shall include the se-
lection of information to be displayed during
programing and communication CRT display mode
operation, The keyboard shall be the primary
means of communication, during training, between
the instructors and the computer for the modifie
cation of training or simulation conditions with-
in the limits specified harein. The functions
of the keyboard and the limitations placed upon

12
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its functions during training shall be de-
termined by the computer program and shall not
be modifiable from the keyboard itself.

(e) Controls to select CRT and visual repeater CRT
display modes.

(d) Controls toc permit selection of areas for display

(e) Controls to reposition (reset) the simulated
aircrafe,

(£) Controls to vary the scale of the plots.

ey feems deid SEw N o WS

(g) Controls to erase the simulated aircraft track
on the ground plot display. The erasurs shall
be progressive, beginning with the earliest
portion of the track, such that the instructor
can erase all or any portion of the track.

Iy

L

(h) Controls to reset tha simulator and visual scenes

(L) Controls to insert or remove any malfunction

] b

! [

| I (J) A control to freerze and unfreeze tha device

i and indicate its status when in a freeze condi-
tion,

(k) Controls to communicate with trainees via inter-
com or through the simulated radic receivers.
The instructor will use these controls, as
appropriate, for didactic purpcses and to pro-
vide voice simulation of all ground, airborne,
and other voice transmitting stations,

(1) Controls to communicate via a maintenance inter-
com with personnel at the computer station and
the tactical instructor station,

s (m) A control to turn on and off the power to all
ejuipment associated with the cockpit, The
control shall indicate its ON/OFF status.

(n) A control £2 turn on and off the cockpit motion
system. The control shall indicate the ON/OFF
status of the motion platform. The status of

, _ each motion platform interlock also shall be
1 indicated,
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{o) A control to test for the proper functioning of
all indicator lights.

(p) Controls for the adjustment of the intensity of
instructor station lighting.

{(¢) A running time meter to indicate the total time
that the instructor station and associated
trainee station has been operated. The meter
shall have at least five digits and shall racord
the time in increments of one~tenth of one hour,

b e pr—

i (r) Controls to vary visual system parameters and
introduce special effects.

i f (8) Controls to set a "Crash Override" condition
; IS allowing the simulator to continue flight
; . through preset crash conditions.

: 3.3.1.4 Digital clock and timer. - The instructor station
shall contain a digital clock which shall indicate thu

. actual time of day. The digital clock shall show hours,
minutes, and seconds. A problem time digital timer showing

j hours, minutes and seconds with start, stop and resst
controls shall be provided at the instructor stations.

3.3.1.5 Headset/jacks. ~ Jacks with headsets for each
instructor sha ¢ provided at the instructor station
poaitions. All jacks in the instructor and trainee stations

shall be standard and shall accept both headsets and flight
helmat connections.

3,3.1.6 rlgght instructor seat. = An instructor seat
shall be provided. onvanient=-to-operate locking devices
shall be provided for the swivel and the sliding track
mechanisms., A seat belt shall be provided and attached to
each seat. Twenty four inches of fore and aft adjustment
shall be provided. A minimum up and down total adjustment
of five inches shall be provided. Each seat shall be pro-
vided with fold~away arm rests, back cushion and seat
: cushion. The tactical instructor will use a chalr designed
! . to fit size requirements at the tactical instructor station.

R Ve

|
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3,3.1.7 Work surface. = Work surfaces shall be provided
which can be used by the instructors for writing or place~
ment of manuals and other data or material. It shall be
located at a height convenient for writing while seated
and shall extend an average of approximately eight inches
in front of the instructor console.




3.3.1.8 Storage - Storage for sacuring stored material
shall be provided inside the cockpit shell for the temporary
storage of manuals, notebooks and similar reference material
utilized by the instructor.

3.3.2 Tactical Instructor Station. = The instructor
station shall meet the regquirements of 3.3.1 above, except
that the instructor shall have only indicators (instead of
switches) for all functions not involved with his tactical
control tasks, emergency controls, or tactical instructor
display controls. The instructor shall have switches for
control of tactical functions for which the flight instructor
will have indicator lightas.

3,3.3 Training E:ograml. - The following training
program shal e providedi

(a) Demonstration programs

(b) Check ride programs

() Exercise programs

(d) Automatic briefings

() Parformance avaluation programs

(£) Performance recording and playback

31.3.3.1 Demeonstration programs. - Automated demonstrationa
of flight, maneuvers and weapons delivery techniques, in
accordance with flight training guides shall be provided.
These demonstration programs shall be used in conjunction
with the main trainer program. Upcon activation of controls
at the instructor station, the demonstration flight shall be
executed such that the cockpit instruments, cockpit controls
and the motion module exhibit the movemants which would be
experienced if the demonstration were actually being flown.
Visual displays shall be synchronlized. Pre-recorded verbal
explanation and commentary shall be provided for each
demonstration program and shall be played back in synchroni=-
zation with the demonstration flight. The format and text
of the demonstrations shall be subject to the approval of
the Procuring Contracting Officer. ;

i E ]

(a) Automated demonstration programs: The following
maneuvers and weapons system exercises shall be :
presented in demonstration programs:

(1) Gunnery Exercises:

a, 69mm rocket delivery and harmonization
(pilot and CPG)

15
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3omm delivery and harmonization (pilot and
CPG)

Hellfire missile deivery and harmonization

NAP of the earth gunnery/and hovering fire

(2) Contact flight maneuvers:

C.

d.

Hovering maneuvers:

1. Takeoff to a hover

2. Forward hovering

3. Rearward hovering

4. Sideward hovering

$. Landing from a hover

6. Hovering turns

Approach maneuvers:

l. Normal tec a hover angle 8° to 10°

2, Normal to the ground angle 8° to 10°
3. Steep to the ground angle 12° ¢o 18°
4. Steep to a hover angle 12° to 15°
Takeoffs:

l, Normal from the ground and hover

2. Maximum performance

3. Running

Running landings

Simulated hydraulic failures to a running
landing:

1, System #$1
2. System #2

3. pbual systems

16
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Autorotations:

1. Power racovery

2. Termination with power

3. Touch down

4. Low level flat - glide

8. Low level high speed ilat glide
6. Autorotation with turn

7. From hover (at varying aircraft waights)
Force landings:

1. Normal 60 to 120 knots

2. On takeoffs

3, On approaches

4. High speed 120 knots to 190 knots
5§, Hovering

Tail rotor failures:

1. Pix left

2. Fix right

3, Neutral

4. Loss of component of thrust
Dives:

1, Normal 12° to 18°

2. stesp 30° to 40°

Nap of the earth flight/navigation

(3) Tactics

Full tactics demonstrations
1. Basic tactics technigues

2. Threat engaqement

17
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b, Dummy demonstration (for tactics training)
in these demonstrations, the entire
tactical scene is dynamic and interactivae.
The crew will control the simulated air-
craft within this environment,

3.3.3.1.1 Spare damonstration program formulation and
capacity. = CapabIITty shall be provided to construct auto-
manE demonstration programs using the performance recording
and playback capabilities of 3,3.3.6, Spare computer memory
(disk) shall be provided for an additional S0 minutes of
demonstration programs,

3.3.3.2 Check ride programs. = Two automatud Army flight
performance checkride programs shall be provided:
(a) A contact visual checkride

() A tactical weapons delivery mission.

The visual checkride shall include: taxiing, takeoff to hover,
hover, hovering takeoff, normal climb, cruise, enroute to
stagefield, entry into traffic pattern at stagefield, normal
approach and takeoff to and from ground, steep approach to
ground, maximum performance takeoff from the ground, engine
failure on final-requiring an autorctation, engine failure

in hover, hovering maneuvers (turns, crosswind landings, and
takeoffs), confined area landing and takeoff, with or without
external loads, autorotation with power racovery, low level
flat glide autorctation, low lavel high speed autorotation,
running landing with simulated hydraulic malfunction, and
running takeoff. The weapons delivery mission shall include
alrcraft startup, take off, approach to target or targets,
nap of the earth (low level) approach, attack of designated
targets with multiple weapons systems, harmonization of
weapons and return to base. At least two alrcraft malfunctions
shall be introduced during the course of the mission. During
the checkride mode of operation, the instructor shall be in-
hibited from activating controls at the instructor station
which would have the effect of interrupting the checkride,
changing the checkride characteristics, performance parameter
being recorded, or tolerances.

3.3.3.2.1 Checkride data. - Concurrently with an automated
checkride a hard-copy record shall be provided of the perfor-
mance error measurament data of 3i,3,3.5,1 which occurred
during each maneuver segment of that checkride. The record
shall be in English language, symbology.

3.3.3.3 Exercise Erogramn. - The instructor shall have
the capability of running as an automated training exercise,
any major seqment of elther of the checkrides described in

3.3,3.,2 All performance recording and data output provisions
described in 3,3.3.2 and 3.3.3.5 shall apply. The individual

18
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exercises shall be called up and enabled through the
Instructor stations.

3.3.3.4 Automatic briefing. ~ Audio briefing tapes that
describe the exercise or program shall accompany each exercise
and checkride program. These briefings shall include a des-~
cription of the contant to be presented, the criteria of
performance expected of the trainee, and any other informa-
tion required to initiate the exercise.

3.3,3,5 Performance measurement. -~ A performance measure-
ment capability shall be provided which, by comparing trainee
performance with pre-programmed or inherent performance
tolerances, automatically determines trainee errors. During
checkride or exercise mode operation, the instructor shall
enter data for the tralnee on parformance parameters for
which no tolerances can be established (e.g., communications).

3.3.3.5.1 performance error measurement. - During
trainee and checkride mode operation, erzors in trainee per-
formance shall be recorded whenever his performance on a
particular parameter diffars from the performance which
has been designated as ildeal performance for that parameter,
plus or minus the tolerance which alsc has been designated
for it., Fragquency of deviation and cumulative time out of
tolerances shall be recorded automatically for the parameters
specified for each maneuver., Specific parameters to ba
measured for each maneuver segment and parameter tolerances
for that segment shall be determined by the contractor subject
to approval of the Procuring Contracting Officer, The
parameters shall be sslected so as to avold continuing to
penalize the trainee for errors recorded in previous maneuvers
for which there is no training value in the present manauvers.

3.,3.3.5.2 performance parameters. - The performance param-
eters for which errors are to he recorded shall include the
following:

(a) Alrspeed

(b) Altitude

(¢) Course deviation

(d) Glide slcpe deviation
(e) Rate of climb

(£) Rate of turn

(g) Piteh attitude

(h) Bank angle
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(1} Torqgque

(3) Trim control

(k) Ball angle

(1) Rotor RPM

(m) Target to weapon impact-distance and position
(n) Automatic weapons firing burst duration

(0) Masking errors and duration

in addition to the above parameters, procedural error, e.g.,
proceeding below astablished minimums or failure to exeacuta
a heading change at an appropriate point, weapons delivery
panel operation and operational errors i.e., exceeding pub=-
lished alrcraft "red-line" parameters shall he recorded
automatically.

3.3.3.5.3 Performance error recording. = Simultaneously
with the sensing of an error, a symbol indicating the type
of error shall be inserted along the flight path plot.
Symbology and formats of error display shall be determined
by the contracto?, subject to the approval of the Procuring
Contracting Officer.

3,3.3.6 Performance recording and Elazback. - A record
on disc of the most recent seconds o alicopter perfor-
mance for the trainer module shall be retained. This
recording shall be divided into 30 segments of one second
each. These recorded segments shall be recallablae by the
Instructor in less than 30 seconds for presentation to the
trainee as a demonstration in which the simulated aircraft
rapeats the racorded performance. A aynchronized voice
recording shall be provided which shall record and playback
all of the communications and instructional messages trans-
mitted or received by the trainee during the recorded flight
segmants. It shall be possible to freeze or to tarminate a
playback at any point,

3.3.3.7 Main trainer program variations. - The following
additions to the maln tralner program shall be provided to

enable the instructor to vary the training situation.

3.3.3.7.1 Failures and malfunctions programs. - Programs
shall be provided to simulate up to 100 gradual or abrupt
failures or malfunctions of the helicopter systems or com=-
ponents for conditions to be determined. Failures, male
functions, and esmergency conditions (onset, incremental effects,
duration, etc.) shall occur as in the helicopter. Initiation
shall be via instrucior station controls., Failures will re-
main in effect untlil corrective action is taken by the trainee
or the failure is removed by the Instructor.

20
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3.3.3.7.2 Initial condition sets. - The simulation pro=
gram shall contain initial condition parameters for the simu-
lated aircraft. At least ten preselectad sets of initial
conditions shall be provided and shall include altitude,
velocity, heading, geographical location, gross waight, con-
figuration, weapons loading, and engine and navigation
instrument readings. The contents of these sets and their
mechanization shall be subject to approval by the Procuring
Contracting Officer. In addition, the instructor shall have
the capability of selecting the initial conditions set of any
checkride segment during non-automated training. The instruc-
tor shall have the capability of verifying existing initial
conditions and modifying them through the Inatructor station,

3.3.3.7.2.1 Zeroing mode. - A zeroing mode (subroutine)
shall be included which, when activated by the instructor,
shall return the simulation problem to a preselacted initial
condition. Selection of this funotion shall clear all memory
locations of modified problam conditions and parameters in
order that new problem initializing data can be introduced.

3.3.3.7.3 Problcm,troczo,and restart provision. = It
shall be possible ructor to freeze the total
simulation problem at any time. The routine for freeze con-
trol shall permit displays, and other computer controlled
outputs to retain all indications and system status conditiona
that existed at the time of freeze initiation. Deactivation
of the freeze shall restore the system to the conditions that
existed at the time of the freeze.

3.3.3.7.4 Parameter freeze. = During non-checkrides train-

ing the instructor shall be able tc freeze the following
parameters, individually or in combination, from the
instructor console.

(a) Attitude

(b) Altitude

(e) Velocity

(d) Heading.
Indications of parameters frozen shall be provided on the

multi-purpose CRT display at the appropriate instructor
station.
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3.4 Vvisual Sinulation System

3.4.,1 General Visual fystem Requirements - The following
requirements apply to both the out-the-window and visionics
port.ions of the visual system.

3.4,1,1 Intended Use - The visual syatem shall provide
all the visual cues and related visual system interfaces nec-
easary to train experienced pilots to function as two-man
teams in the operation of the AAH, Transition flight and bat-
tlefield operations training shall be provided under a wide
variety of climatic, topographical, and tactical situations.

3.4,1.2 System Integration

3.4.1,2,1 Dynamic Rasponse - The dynamic response of the
visual system lhlEI be lu!IECIent to track that of tha motion
lthCm without introducing any conflict batween the cues pro-
vided by the visual and motion systems. In addition, the lag
between any two cues will be no more than 50 ma, to be measured
as the difference between the “imes to obtain 50% of final
value, If the visual system design requires the pilot/co-
pilot/gunner spacing in the simulator to be different from
that in the aircraft, it shall not preclude the motion system
from providing the proper motion cues to either the pilot or
co-pilot/gunnar as an instructor selection,

3.4.1.2.2 Configuration - That portion of the visual
system mounted on the motion systam shall be configured to
facilitate ease of entrance to and egress from tha cockpit,
and shall not intrudes into the cockpit area to the extent that
the cockpit araa would no longer provide a realistic environ-
ment. It shall meet all performance requirements with the
normal operating range of the motion system, and shall with-
stand, without damage, the stresses imposed by a single fai-
lure within the motion system.

' 3.4.1.3 On-Board Systems - The visual system shall inters
act with the controls for the following systems and components
to the extent necessary o accomplish the training objectives:

Integrated Head And Display Sighting System
Pilot Night visual System

Target Acquisition Designation System
Video Recorder

Lasar Rangefinder

Fire Control

Bymbol Generator

Angle Measuring System, Pilot and Copilot/
Gunner

T D ﬂ-ggg’
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The visual system shall provide imagery of those components

of the aircraft structure and payload normally visible to the
crew within the field of view of the visual system in a po-
sition and orientation which produces no conflict with the
perception of these items in the actual aircraft. These items
shall include, but not be limited to, aircraft structure, or-
dnance, and rotor.

- 3.4.1.4 Visual Trainin; Tasks - Visual cues will be pro-
vided to train in the following tasks or mansuvers.

(a) Transition Training

l) Take off and landing to hover
2) Hover flight

3) Take off from hover

4) Take off from ground

5) Maximum performance takeoff
6) Running takeoff

7) Maximum load takeoff

8) Slope takeoff

9) Aborted takeoif

0) Climbout

l) Above ground effects hover

2) Normal traffic pattern

3) Normal cruise

4) CIimbing turn

5) Descending turn

16) Acceleration/decdlaration

17) Quick stop

18) Straight climb

19) Straight descent

20) Level turns

2l) Normal approach to ground

22) Normal approach t2 hover

23) shallow approach

24) Steep approach

25) Slope landing

26) Autorotation to touchdown

27) Autorotation - terminate with power
28) Autorotation - power recovary
29) Hovering autorotation

30) Low~level autorotation

3l) Low-level high speed autorotation
32) Turning autorotation

33) Minimum ground run autorotation
34) Porced landing

35) High-speed flight

36) Instrument flight

37) Transition night maneuvers
38) Mountainous area flight

39) Cold weather flight

23
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(b) Gunnery

1) 30 mm running fire

2) 30 mm hover fire

3) 2.75 inches rrARr delivery - precision

2.7% inches FFAR Jelivery - primary

2.7% inches FFAR delivery = backup

Hellfire delivery - direct

Hellfire delivery =~ indirect

ggllfire delivery - single, rapid or ripple
re

O ~3 Oh U &
P N i S e

(o) Terrain Flight

()

1) Hover in ground effacts

2) Hover above ground effects
Low level flight

) Contour f£light

) Nap of the earth flight

) Mask/unmask

) Obstacle clearance

; Interpret terrain
)

)

)

(¥ ]
~—

Nap of the earth navigation

Pop-up maneuver

Nap of the earth downwind approach

Confined area landing

13) Confined area takeoff

14) Nap of the earth quickstop

15) Night nap of the earth operations - with
visionies

16) Night Yap of the earth operations - no

visionics

NP OW -0 &H

o

Tactlics

1) Nap of the earth formation
2) Select raconnaissance

Select landing zones

Evasive maneuvars

Convoy cover

Ground troop linkup
Coordinate tactical air strikes
Coordinate indirect fire
Target search

Target acquisition

Target identification
Standoff fire

13) suppressive fire

14) Area fire

18) Massed fire

16) Engage air targets

17) Engage anti-aircraft systems
18) Engage armored vehicles

(™4
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19) Target damage assessment

20) Handoff

2l) Employ chaff and smoke

22) Tactical instrument flight

23) IR missile counter-measures

24) Radar/anti=aircraft counter-measures
2%) Threat aircraft counter-measures

26) Night training (areas 1-28)

3.4.1.3 1Image Quality = The final images displayed to the
trainees shall each provide correct depth perception cues and

dynamic fidelity to permit judgment of range, helght, velooity
and rate of closure. The image shall not include any discon-
tinuities, irregularities or bleed-through of targets, nor
shall it contain stray images throughout the field-of-view or
visual display system range of operation. All points in the
image shall maintain proper linear and motion perspective.

iemis  hems Yew 4EG SER BN

3.4.1,6 Tactical Area ~ The maneuvering area shall be
composed of villages and wooded and open areas containing
fields, streams, roads and lakes. Both friendly and opposing
forces shall be disposed therein along with various debris
evidencing the effects of battle. The area shall be 40 X 40 KM,

3.4.1.7 Training Environment = The environment shall be
one of intense milltary actlivity under all weather conditions,
at any time of day.

3.4.1.8 Training Maps - Maps of the training area shall !
be provided in the format of typical military maps. E
|

e

- 3,4.1.9 Time Sharing - All displays shall be.concurrent
except as controlled by crew selection. S

3.4.1,10 gymtem Accuracies - The line of sight of the
window display and visionics shall be aligned with all wea-
pons systems and bore-sighted to the accuracy of the air-
craft equipment. The visual system will maintain alignment

within this accuracy for a minimum of 16 operating hours. Re=-
alignment shall be accomplished within a maximum of one hour.

3.4.1.11 Dynamic Realism - Lag between visual and
motion cues shal ¢ a8 spec ed in paragraph 3.4.1.2.1. All
image motion (relative to the eyepoint) shall be smooth and
continuous without discretes stepping.

st Fernsla 2

3.4.1,12 Design Requirements i
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J.4.1.12:1 vVvisual s¥ltem Alignment and Setup - It shall
he possible to perform a required alignment procedures in a
period of one hour or less, by means of standard and special
test aquipment supplied by the contractor.

3.4.1.12.2 visual System Warm-Up and Stability = The
visual system components and subaystems sha ncorporate such
circuitry, components, and compensation techniques as not to
require more than 30 minutes for warm-up and stabilized oper=
ation., 8Stabilized operation shall permit continuous operation
of the visual system for a minimum peviod of 16 hours, after
normal alignment procaedures have been accomplished, without
system adjustment or realignment. Pilcture quality as observed
in the cockpit display shall not deteriorate to a point where
it fails to meet any of the performance requirements as de-
!in:ddin this specification at any time during the 16 hour
perioed,

3.4.1.12,3 Compatibility with Cockpit Motion = There
shall be no inter¥erence with motion system reasponce or ex-
cursions arising from the size, weight, inertia, or shape of
those parts of the visual display systems mounted on or about
the motion systams and cockpits. The visual display shall
permit entrance to or egress from the coockpit. All visual dis-
play system components mountad on the motion system base shall
be able to withstand twice the maximum rated linear and an-
gular motion system acceleration and jerk while performing
within the visual system speclfication performarice; that is,
the telavision display and all optics shall remain aligned,
electronic noise shall not be introduced into the video,color
registration shall remain in alignment, and so forth., Maximum
acceleration and jerk caused by worst-case failure of the
motlion ayatam shall not result in any permanent damage to tha
visual system components.

3.,4.1.12.4 Cleaning Provisions - All optical components
shall be capable of balng cleaned on-site by properly trained
training device maintenance personnel without damage.

3.4.1.12.%5 Radiation Shielding - Radiation shielding
shall be in accordance with MfE-E-§§73.

3,4.1.,12,6 Light=-Tight Enclosure - A light«tight en-
¢losure shall cchugn all LIght tranamission to the coockpit
fiom extarnal sources and shall allow access around the fus-
elaga.

3.4,1.12.7 Grounding - A consistent grounding system
shall be employed which recognizes and provides for hoth
personnel safety and noise immunity requirements. All chassis
and conductive metal surfaces shall be referenced to the
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facility pover ground., Signal grounds shall not be connected
between assemblies but shall ba brousht to a common single
point ground. The singla point ground will be refarenced to
tha fzclility power ground, Critical signals shall be com~
muni:ated hetveen assamblies by differential transmitters and
raceivers,

3,4.1,12,8 Reliability and Maintainabilit ~ The visual
system shall exhiBit a mInfmum mean-time-bntween-failures of
50 hours. The maximum allowable repair time, at the 90% point,
shall be 90 minutes. The parcentage of down time due to visual
system maintenance shall be nc greater than 8 percent of sch-
eduled operating time.

3.4.1.12.9 Government Furnished Eguipment - The govern=-
ment shall furnish the pilot and copIIoE)qunnor helmets, the
aircraft AMS and the TADS pedestal and equipment, less the
sensors but including the symbol generator and tape recorder
unit. Also to be supplied are ortho-phctoiraphl and topo-
graphlcnl maps of the area to be modelled in the digital data
ase.,

3.4.1.13 Instructor Station - Controls and dilpll{l will
be provided to enable the instructors to select, control and
monitor visual system functions assocliated with all phases of
training, including the following:

(a) to activate or deactivate the visual system
(b} to monitor the visual scene from any of the
visionics systems except that of the DVO,
(e) to initialize the a/c as desired in the visual
gaming area
(d) to modify weather conditions affecting the
visual scens
) to set day, dusk, or night lighting conditions
) to control cultural lighting
)} to monitor malfuncations in the visual systems
) to control and modify friendly and threat
forces and fire for realistic dynamic tactics
training
(1) to monitor gunnery scanning and sighting
technigues at the instructor stations
(4) to replay up to the last 3 minutes of simulator
performance with visual and to reset to the
position bafore the replay
(k) to freeze and unfreeze the simulation problem
and the visual scenes
(1) to Eonitor visual system operational readiness
status
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J.4.1.14 PgF:g;miggg Tradeoffs- Where system trade-offs are
involved, the order of precedence for desired system charac-
teristics isi

Development achedule and risk
Weapons acguracy

Operating range

Maneuvering area

Resolution

Coat

Fleld of view s

Reliabllity/Maintainabliliev
Growth potential
Chrominance

S TO N0 s

3,4.2 Detail Visual System Reguirements

3.4.2.1 Window Display

3.4.2.1.1 Resolution - It is desired that the size of
the smallest picture element (pixel) be 2.7 arc-minutes. 1In
no case shall the pixel size be greater than 1.6 arc.minutes,
The contrast of the pixel shall be at least 334 of the low
spatial frequency full contrast signal., Modulation transfer
function area shall not be deemphasized to achieve other per-
formance parameters.

3,4.2.1.2 PField of View - The minimum field of view for
the pilot and coplilot shall be 160° horizontal by 45° vertical
as shown in Flgure.3,26i, It is desired thet the horizontal
field of view for both crew members be 180°.

3.4.2.1.1 Contrast Ratioc - The contrast ratio as observed
by the crew shall Be no less than 15:1,

3.4.2,1.4 Brightnems -~ It is desired that display bright-
ness as observed by the crew be at least 12 foot-lamberts. The
brightness shall not be less than 8 foot-lamberts,

3.4.2.1.5 Flicker - The display shall have no observable
flicker. The TV fleld rate shall be &0/wee.

3.4,2.1.6 Distortion =« The distortion present in all dis-

plays shall be sufficlently low to satisfy the raquirements of
paragraph 3.4.1.10.

3.4.2,1.7 Coélimatinn = It is desired that the window
display be collimated t¢ provide correct aye accomodation for
objects at infinity., The rays from the crew members' eyes
shall converge at a distance no closer than 40 feet or -200
feet for objects at infinity.
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3.4.2.1.8 Pupil - The pupil shall be 15 cm in diameter
for both the pilot and copilot.

3.4.2.2 vyisionic Dilglaz- - The visionic displays shall
present forward looking infra-red, day talevision and night
visval system simulated imagery to both the pilot and copilot/
gunner on their helmet-mounted displays or to the copilot/
gunner through his TADS eyepiece and monitor. In addition to
the above, direct view optics imagery shall be available to the
copilot/gunner through his TADS eyepiece.

3.4.2.2.1 Physical Size and Appearance - The physical
size and appearance of the visionic eguipment and symbol gen-
erator symbology shall appear the same as the ailrcraft equip-
ment.

3.4,2.2.7 sgimulation of Sensor Effects - The operating
characteristics o e sensors which result in blooming,
streaks, ovarload, etc. shall be simulated to the extent fea-

sible.

3.4.2.2.3 Field of View -~ The instantanecus field of
view of the FLIR, TV, and PNVS displays shall be within 10V of
the flight equipment. The instantanecus field of view of the
DVO shall not be less than 80V of the flight asystem,

3.4.2.2.4 Rasolution - The displayed resolution of the
FLIR, TV, and PNVE imagery, as determined by pixel size and
contrast ratio, shall give the same appearance as the flight
egquipment., The resolution apparent in the DVO display shall
be at least 350 line pairs per picture height within the
central 2/3 of the FOV,

3.4.2.2.5 Image Detnil - Tha amount of detall present in
the visionic displays shall increase as decreasing flelds of
view are geleacted. The maximum detail presented shall ba at
the highest magnification and shall correspond to the maximum
detail available through the window display. There shall be
no perceptible TV line structure in the DVO display.

3.4.2,2.6 spectral Fidelity - The spectral signature of
the FLIR and TV Imagery shall be as defined by the government
for the various topographical features, with the goal that the
simulated vegetation, vehicles, buildings, etc. appear the
same as in the real world through the appropriate detactors.
The direct view optic simulation shall provide color 4Aiff-
erences in the image detail. The spectral signature of the
displayed topographical features will be photopic.

3.4.2.2.7 B8law - The visionic display shall blank when
the instantanecus fleld of view is changed. The delay be-
tween the termination of slew and the appearance of video shall
be no more than 250 milliseconds.
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3.4.2.3 1Image Generation

3.4.2.3.1 Image Content

3.4.2.3.1.1 Terrain - The terrain shall consist of a 40
km X 40 km square, representative of westarn Europe,based on
ortho-photographs and topographical maps, supplied as GFE. “his
area will be composad of hilly terrain, approximately 1l0%
village, 608 wooded, and 300 open area, the open areas to con-=
tain but not be limited to fields, roads, streams and lakes,
The terrain shall contain tha debris of battle to include ve-
hicle, wooded area, and building wreckage.

3.4,2,3.1.2 Targets - The targets shall consist of a mix
of both friendly and opposing forces and must be distinguish-
able as such., Friendly forces shall consist of a minimum of
four AAH, three ASH, ten tanks and fiva vehicles., Opposing
forces shall consist of a minimum of four Zeus 23 tanks,

twenty T62 tanks, twenty T72 tanks, ten armoursd vehicles and

5 HIND helicopters. Opposing forces shall have the capability
of acquiring and firing on the subject AAl., Twenty of tha foxrce
vehicles shall be shown in movement as appropriate to their sit-
uation and capabilities, with ground tracks, dust, smoke, debris,

flashes and glint,

3.4.2,3,1.3 Digital Image Goneration Equipment = The
operating requirements for M g mage genezation
hardware are based on the scene content d-lc:ibod above, and
on the need to produce imagery for both the window displays
and the visionics displays.

In the case of the window displays, the regquirement is for
three image planes, one each for the left side, front, and
right side., Viewpoints for the pilot and copilot/gunner

are sufficiently close together, and the viaewing regquirements
for the copilot/gunner are sufficiently confined to the lower
ranges, that the three window displays for the copilot/gunner
c;n bzllimplu repetitions of the image planes preaented to
the pilot.

The requirament then is for 8,000 display edges in these
three window image planes, either all in cne window or allo-
cated across all three in whatever proportion the instan-
tanecus scene reguires.

A display edge is defined as the boundary of a forward-facing
polygon, within the field of view, except that whenever two
polygoens share an edge so that both endpoints coincide, that

is considered only one display edge. Display edges which are
on the forward-facing sides of objects (that is, the side to-
ward the viewer, but are occulted by closer objects, and would
be visible if that closer object were ramoved, are to be count~

ed as part of the displayed edges.
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In the case of the visionics displays, the_image generation
equipment shall uwrovidg four different image planes, in ordur
to service the four displays (pilot's helmet display, copilot/
gunner's helmet display, main TADS display, and CRT just bae-
low TADS). Switching equipment must be available to allow the
various comiuted scenes to be shared among these displays as
allowed in the actual aircraft equipment.

The requirement for the four visionics displays is also 8,000
edges, again to be allocated sither in one diaplay or acroas
all four in whatever proportion is neaeded, with the exception
that this number may be reduced by up to 1l5% when, and only
when, there is a scene requirement to utilize a portion of the
hardware capacity to assist in the production of special
effects including weapon impacts, range finding operations,
and the like,

The requiremaent in both cases (window and visionlics) is for
computation of edye positions on the image planes each 1/30

of a second, except that provisions must be made for the elim-
ination of double~imaging effects caused by computation at
frame rates, display at field rates, and angular motion of
edges and objects across the image plane. Where necessary to
eliminate these effects, computation of edges shall be made
each 1/60 second,

EBach of the two groups of displays (window and visionics) shall
independently bhe supported by the capabllity to compute 256
intersections of edges of forward-facing polygons with each
scanline, This intersection capability shall be such that it
can be allocated freely among the simultaneous acanlines of

the three window image planes, and among the simultaneous
scanlines of the four visionics displays, such that in each
case,the total shall be 256,

It shall be possible to allocate any 64 out of 262,000 color
combinations to the objects in any one frame. It shall be
possible to specify any one of 64 gray shade intensities to
any polygon, Smooth shading of polygons within an object, to
impart the appearance of roundness of the object, shall be
provided for use where needed, and shall utilize not less than
255 gray shade steps in performance of the amooth shading.

The equipment shall be capable of supporting 256 object pri-
orities, or levels of occlusion, both for the window displays
and the visionios displays.

Edge smoothing, hoth for edges that are more nearly vertioal
and those that are more nearly horizontal, shall be provided
to alleviate horizontal or vertical stair-stepping effects,
Meagures shall be provided to reduce the scintillation of
small or narrow polygons as they interact with the scanline
structure.
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The equipment shall be capable of incorporating reduced visi-
bility effects, including fog and haze, computad as a function
of the range to the scene element.

It shall be possible for the equipment to display lights of
any of the 64 colors described above, in lieu of display edges,
at a substitution rate of one light per display edga.

The equipment shall be capable of displaying scenes of similar
geometry but varying in color or gray shade as appropriate to
the production of correlated visual and infrared scenes.

The equipment shall be capable of displaying, on each window
and on each of the visionics displays, a raster of 1000 scan
- lines, each of 1000 picture elements, except in those cases
in which actual aircraft equipment simulated contains fewer
scanlines or picture elements.

'Tr2 equipment shall be capable of displaying 20 moving objects
in the scenes of the windows and visionics displays.

- 3.4.2.3.1.4 Forces Effects - The image generation shall in-

) clude the capablIITy Tor the following effects associated with
the variocus forces and weapons. Vehicle motion shall result
in visible ground tracks, where appropriate, indicating the
path of previous vehicle location, A dust cloud will be gen-
srated, where appropriste to terrain and vehicle movement, The
dust cloud will expand and dissipate in a realistic manner.
Helicopter rotor down-wash shall produce dust clouds in & real-
istic manner with the ogacity of the cloud determined by the
altitude of the helicopter. Weapons effects such as glint,
tracer, duat, flash, and smoke shall be generated. Glint will
be lalectiveiy dilpiayed to reveal force location at ranges
where detection by the crew would be otherwise difficult or
imposgible. Tracers shall be sclactively emgloyed to indicate
shell trajectory, accompanied by dust puffs to indicate impact
with the terrain where appropriate. Flash and smoke shall be
displayed to indicate detonatlion of ordnance in a realistic
manner, appropriate to the type of ordnance and nature of im-
pact. Smoke 80 generated will expand and dissipate in a real-
istic manner. Smoke generated by a destroyed object, such as
a vehicle, shall form a plume which will vary in cpacity in
relation %o the distanca from the object.

3.4.2.3.1.5 Environmental Effects - The visual effecte of
environmental condltions, jncluding Hut not limited to time of
day, rain, mist, fog, haze, cloud, and snhow shall be simulated
in a realistic manner. Visibility shall be selectable in 16
discrete steps from 0.2km to infinity and shall be related to
objeet slant ranges. Raln effects shall include streams which
appear to emanate from a2 point at a selectable crab angle from
the velocity vector. The angle of the streams to the horizontal
shall vary accordiug to alrcraft air speed. Mist and haze shall
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appear as a decrease in contrast, as a function of slant

range, Vialbility range shall be selectable by the instructor,
Display brightness shall automatically be decreased to realis-
tic levela for mist simulation, Snow cover shall cause a
gradual white-out due to rotor down wagh at lcow altitudes,
with the opacity of the white-out varied as & funetion of
alireraft altitude,
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3.5 Computer System

utation system shall consist of one or more digital
§2§p3323<s>, apprgpriatc interface, equipment, pcripharali
equipment and asgociated software as required to comply with
the functional and other reqguirements specified in 3.3.1
through 3.3.5.2, Output data from tha computation systen
ghall actuate displays and other equipment with a minimum
of conversion or transfer devices.

-

3.5.1 Selection of Materials, Parts, and Procedses, Only conm=
mercially avaiilable equlipment currently in procuc ion and in
use by othar than the trainer manufacturer shall be used to
satisfy the requirements of this specification, the selected
computer, peripheral equipment, and maintenance diagnostics
shall be the same as for other current flight simulators to
be installed at Fort Ruckar. The digital computer complex
shall provide the computations and control of the motion
systems, trainee stations, instructor stations, and other
equipment as required.

3.5,2 Design. Commercially available eguipment that is
currently En production and use shall be selected and used

to satisfy the requirements of this specification. Selection
of suitable specifications and standards for procurement
shall be the responsibllity of the contractor.

3.5.3 Performance. The computer, interface, and peripheral
equipment when installed in the trainer shall not prevent
the trainer as a l{lttm from meeting all of the other
requirements of this specification (i.e., EMI and the like).

3.5.4 Construction. Power failures or emergency interruptions
of power to the trainer and/or computer(s) shall not result
in physical or electrical damage to the computer aystem
eguipments.

3.5.5 Details of Components.

3.5.5.1 Digital Computer Complex Configuration - The digital
computer complLex shalil provigo simultanscus computation for
and control of the motion system, trainee station, instructor

station, visual simulation systems and other equipment as
required.

a. Digital Computer System - Each digital computer system
will consist of multiple central processors (CPU's). The
following requirements shall be satisfied:

1. All processors (CrPU's) shall be identical and com-
pletely interchangeable, or they shall all be selected
from a manufacturer's family of simulafor processors
for upward compatibility.
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:‘ ! 2. Each processor (CPU) shall ba capable of communicating
i with any common input/ocutput equipment and paripheral

L B devices without involving the other processors.
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3, Provisions shall be incorporated for synchronizing
tha timing of each CPU and for controlling all
processors with common operating controls such as
start, halt, and system freeze.

4. An executive program shall be used to control the
multiprocessor configuration. This program shall direct
the problem flow, schedule processing svents, establish
priority controls, control interrupts, and the like.

b. Computer Control Panal - A computer control panel shall
be provided with each comnrutar. The panel mai be located
on a separate console or lay be incorporated into a
centralized panel located on the main rack or cabinet of
the computer. Switches, indicators, and controls necessary
for operation of the computer shall be located on the
respective control panel. The panel shall ingorporate
provisions for manual insertion of instructions and data,
and shall contain display indicators to enable cperating
and maintenance peraonnel to monitor the operation of the
computer. The opearator shall have the ability to eontrol
the computer from a seated position with provision for a
work top area.

¢. Reagister information display and insertion = Display
indicators shall be provided to permit selecticon and
visual examination of the content of any memory address
or program-accessible register. Hardwara switches and
associated controls shall be provided to permit insertion
of informltion in any memory address or program-accessible
reagister.

4. Halting provisions - Means shall be provided to halt
the computer at any preaselected program step.

. 8ingle~-step provisions - Single instruction advance and
single clock pulse advance will be available for stepping
the program in the computer.

f£. Running time meter ~ A running time meter shall be
installed in each computer and shall indicate the elapsed
computer "ON" time, The meter shall display at least five
digits in increments of 0.1 hour.

z. Power fail-safe provisions - A power fail-safe
nterrupt provision shall be included to enable restart of
abgv%ution within 5 minutes after return of power to the

h. Real=-time clock = A program addressable real-time clock
integral to each computer shall be provided with program
iontrollof the generation of necessary cycle timing
ntervals.
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i. Computer I/0 capability = The I/O system of the computer
shall provide the following capabilities:

1. Capability to service assigned blocks of data to and
from the I/0 channels and high speed magnetic core
memory without restricting the operation of the arith-
metlc unit except for any initial set-up and memory
access priority delays (e.g., a direct memory access
(DMA) capability through the medium of memory ports in
conjunction with an I/0 processor).
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RO AT v JEOER 1ITURTIAR - 7 RS

kg

: 2. Capability to communicate directly with all interface
b squipment.,

3. CApabilitI to input or output to and from one or more
units of peripheral equipment while continuing operation
in the real-time |1mu1at19n and processing modes.

i 4. Capability to provide, under program control, inter-
rupt lines by which the computer can be interrupted by
i L external discrete controls, devices,and/or another

! computer.,

J, Memory reguirements - The digital computers shall be
furnished with sufficient high aspeed random access memozy
to store the total system simulation, control programs,
and executive programs and all constants, real-time data
operands, and intermediate results.

k. Computer system spare capacity - The computer system
shall provi'ie spars memory and processing capacity as
specified below.

1, Spare memory capacity = not more than 50 percent of
the memory of each computer shall be used to meat the 3
total real-time program and data storage requirements.

2. Spare processing capacity - the total processing time
required in the logical worst case path during any
program iteration or solution cycle shall not exceed 30
percent of the time available flor that c¢ycle. Alao,
during any one second iterval the time required to

procass all real-time programs shall not exceed 500
milliseconds.

3. Disc spare capacity = not more than 50 percent of the i
disc unit shall be utilized, i

1. Peripheral equipment - Computer peripheral equipment
shall be provided to support each digital computer system
in meating the requirements of this specification. The
following peripheral devices shall be provided with the v
charactersitics indicated: i

38

; i
s

i
- pviv———— T i F AR s AT eyt W enaion e st o S O S g ey e g A

T —— ——— S R P e TR R ~ TR
- T T




i
il
i
2
]

*ﬂ*"'-— -

s ST

1. ©One CRT or TTY with alphanumeric keyboard,

2. CRT display system including a keyboard in teletype
format.

3. A disc pack drive and controller system capable of
accommodating all required spare and all real-time
simulation programs, data maintenance programs, test and
diagnostic programs, and utility and related programs.
The use of real-time overlaying technigues from disc
storage shall be limited to data only., It shall not be
used for reducing resident real-time program storage
requirements for computer main memory.

4. A standard 80-column card reader capable of operating
at 300 cards per minute read speed.

$. A versatec 1100A printer/plotter or equivalent,

3.8.5.2 Computer 8 ltomWSoftwnrc R. uirements - All programs
required to oOper SUppO ce shall be designed
and documented in acccrdlnco with qood commercial documenta-

tion practice.,

a. Program language reguiremants = FORTRAN IV with any
available extensions shall be used.

b. Program requirements - The programs supplied with
Device 2B4¢ shall include, but not be limited to the
following:

l. Real-time simulation, control and processing

programs - The real-time simulation programs shall
perform all simulation, control, and processing functions
specified herein.

2. Off-line function data generation program - For
dynamic vehicle simulation, vehicle function data may
be incorporated into the main trainer programs. In the
event stored function data are derived b{ an off-line
computer program, this program shall be included in the
program package.

3. Utility programs =~ Trainer computer system utility
programs consisting of, but not limited to, assenbler,
loader, data conversion, memory dump, printout, and
FORTRAN compiler shall be provided.
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4. System verification programs -~ Programa shall be
provided to verify the simulation and display processing
programs., Thesa programs shell provide a means of check-
ing and verifying the overall correctness of the main
simulator control and other procesaing programs indepan-=-
dently of the trainer stations and the computer interface
eguipment.

5. Maintenance and test program: = The maintenance and
test programs shall test che operation of both the
computers and peripheral aequipment and the tralner
simulation equipment. (aintenance programs shall include
but not be limited to the following:

a) System daily readiness check program = A daily
readiness check program(s) shall be designed to enable
opo:ltinz personnal to determine visually that the
trainer is ready for operation. The checks shall
utilize the normal iteration rate of the various
programs. Provisions shall be made for stepping
through the program or portions thereof incrementally
to verify the desired ocutput at each step. The
cperator shall have the option of either proceeding,
after he has noted discrepancies, or stepping the
goTEutorl to determine the type and nature of the
allure.

b) Real=time interface equipment diagnostic program =
Program(s) will enable on=-line program diagnocsis of
the training device interface aquipment malfunctions.
These program(s) shall be automatic and require a
minimum of operator effort. They shall provide hard-
copy printout of the nature of the malfunction and of
the test(s) results.

c¢) Discrete input and output chack=-cut programs - This ‘
program shall provide for checking the proper P
functioning of the discrete input and output channels :
of the device in a olosed loop manner. All disconnec~
tion and reconnecticn shall be accomplished under
program control or by a patchboard=type device. The
operator shall also visually verify the correct status
of discrete indicators and determine the proper
operation of manual switches which interact with this
test program. Tha program upon detecting a malfunction
shall indicate the falling channel to the operator via
on=line hard=-copy printout.

d) Analog input and output checkout program = Programs
will test all analog channels and devices through their 4
full range of operation. All channels not functioning 1
within design limits shall be indicated to the operator
via hard=-copy printout. A dynamic test of the analog
output channels shall also be provided.
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e) Computer diagnostic programs - Only commercially
available diagnostic programs for the selected
computers shall be used. The programs shall check
the operation of the arithmetic unit, control unit,
I/0 unit, and memory unit.
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3.6 Motion system - A moticn system in accordance with the
requirements stated herein shall be provided. The motion
system shall provide a minimum of six degrees of freadom con-
sisting of pitch, roll, yaw, heave, and sway (lateral) and
longitudinal. Corrective correlation of cockpit motion and
visual cues is essential.

3.6.1 Q;g;ig of g;mglag%on - The sensations of motion shall be
representative of sensations experienced in the operaticnal
design basis aircraft resulting from changes in attitude and/
or £flight path. Representativa motion caused by the following
alrcraft conditions shall be provided: buffets, blade stall,
blade imbalance, damper failure, blades out of track, skids,
slips, banks, turns, hovering, climbs, dives, acceleration and
deceleration, transition into and ocut of stable flight, vibra-
tions, oscillations, touchdown impact and control=induced
changes in the exterior configuration of the aircraft, atmos-
pheric effects, and sling load dynamics.

3,6.2 Motion system cumputations = The physical movement of
the motion systam shail Ec determined by cumputations based
upen six degrees of alrcraft fresdom and movement along or
about all axes of the motion system and shall he correlated
with the motion of the simulated aircraft. All aircraft sta-
bility derivatives shall be accounted for in a manner such
that aircraft movement in any degree of freedom shall influence
movement along or about every axis of the motion system. The
motion system shall respond to aircraft center-of-gravity or
center of pressure movements, including: fuel depletion, cargo
loading, and normal aerodynamic effects. The acceleration of
the trainee station in any degree of freedom shall not exceed
the aircraft acceleration experienced under similar £light
:nd gonfiguwation conditions of the operational aircraft simu=
ated,

3.6.3 Operational performance -~ The motion system dnliin shall
emphasize onset of accelerations to provide proprioceptive cues
to the trainee. PFollowing the initial transient force, the
cockpit shall return imperceptibly to normal straight and

level flight attitude, except that the cockplt shall maintain
an approprlate amount of the commanded pitch attitude. The
alrcraft instrument indications and visual display presentation
when in usa shall reflect the simulated flight condition ragard-
less of cockpit attitude. There shall be no noticeable time
error between instrument response, and trainee station movement
except normal lag associated with a given aircraft component.

3.6.4 _agggggmgggg_lim;;ggégng - The motion system driving in-
puts from the computer sha e 80 mechanized as to optimize

the onset cues to the trainee. This shall be done in a mannar
such that actual cockplt motions may within physical limitations
and correctly track the freguency of the motions but not necess-

arily the amplitude., The envelope of motion system movement
during training shall be such that the full displacement range
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bottom=-to=-top, side~to-side, and the like) is utilized to the
maximum extent.

3.6.5 Onset of acceleration cues - The onset of acceleration
cues provided shail be determined by the equations of motion
of the aircrafe.

3.6,6 Payload wc;gbf - Performance requirements shall be met
at the normal operating welght (consisting of trainee station,
instructor station, visual system, and four peraonnel) plus
one thousand (1000) pounds.

3.6,7 W -cagg manguve = The motion system shall be sized
to perform the simulated vehicle worst=-case maneuvers in the
heave direction of 0.23¢ sinusoidal at 1,0 Hertz for a con=-
tinuous duty cycle.

3.6.8 Excursions, velocities and agcelerations - The motion
system shall perform to the criteria shown in Table 1. The
displacemant requirements of Table I are nonsimultaneous re~
quirements; therefore, the motion system must satisfy only one
set of requirements (case) at a time. The excursion envelope
about the neutral operating position shall allow simultaneous
movement equal to a minimum of 20 percent of the above require-
ment in any four degrees of freedom combination,

3.6.9 j:,gggggxﬁgﬁfggg!, = The closed-loop performance of the
motion systems shall comply with the following:

Maximum
Frequency Range Phase Shift Motion Platform Position
(Hertz) (Degrees) (maximum Decibels)

0.1 = 0.5 20° + 148
0.5 = 1.0 60° + 2 4B
1.0 = 2,0 110° + 2 dB

- 4 dB
2,0 - 5,0 - + 2 dB

- 10 4B

The above criteria apply to sach degree of freedom. Structural
or hydraulic resonance shall nct occur from 0 to 5 Hertz,
Design provisions shall be incorporated to aveid activation of
resonant frequencies above 8 Hertgz by the simulation program.

3.6.9.1 gge;ii_;gggtgfx -« 8tatic error betwean actual and
commanded platform position shall be less than 1,0 percent of
full scale.
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3.6.10 Smgo;hness - The motion aystem shall operate without
hunting and shall not snub against cushion stops during normal
operation. The actuator system shall raise the trainer in an
approximately level attitude to the initial operational posi-
tion. Oscillations of the trainee station caused by motion
system instability shall not occur. Oscillations of the trainee
tation or any of its components as a result of structural,
hydraulie, or electrical resonance shall not occur, unless

such movement is demanded by the eguations of motion of the
design basis aircraft.

3.6.11 Rough air buffet - The effects of rough alr and buffet-
ing shall %o simulated. Appropriate operation of the trainer
controls shall result in realistic correction of the rough air
effects. The rough air cycle shall be so designed that repeat-
ability will ocour onlI after completion of a cycle pattern of
at least five minutes in duration. The intensity and direction
of the trainee station motion shall be a function of the reough
air level, the aerodynamic configuration of the aircraft, and
pllot induced maneuvers, lf any, at any instant, At any time
during the rough air cycle, it shall be possible using the CRT
and associated controls at the instructor station, to discon-
tinue the rough ailr buffet simulation or change its amplitude.
Physical motion of the trainee station shall be provided in all
affected degrees of freedom while simulating rough air and

shall be coordinated with instrument indications and with visual
display scenery. Both horizontal and vertical rough air effects
shall be provided,

3.6.12 Hx;;gu;&g Eng géggi;g-mochaniga; design - Hydraulic
and electro-mechanica eglgn sha comply wlth the following:

(a) The design shall incorporate provisions for maintenance
operations. All maintenance equipment including jacks
and jack supports shall be provided.

(b) Water=cooled heat exchangers shall be designed for
hydraulic £luid csoling with a maximum inlet water
temperature of B85°F

(¢) Breakaway friction of each ram shall be minimized so
that for each ram agsembly the peak to peak friction
acceleration transient shall be less than 0.03g, for an
input signal of 10 percent of maximum range at a fre-
quency of 0.5 Hert:z

(d) Hydraulic fluid shall conform to Naval Weapons Speci-
fication XW8-6788 (e.g., Brayco 745%). Hydraulic fluid
tcmicratur-. pressure, and level shall be monitored and
equipped with sensor warning devices. Exceedad safety

parametars shall automatically activate shut down of the

hydraulic systems.
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3.6.,13 Motion and control loadin§ system operation and con-
trols - The hydraulic systems shall operate as follows:
(a) Control loading systems shall utilize an independent
hydraulic pump from those used for the motion systems.

However, the contrel loading systems shall be capable of
being powered by either motion system's hydraulic pumpa

(b) The motion systems and control loading pumps shall be
remotely located in a separate room

(¢) Spray shields and drip pans shall be provided to pre-
vent drainage to trainer components

(d) A Key=-operated switch shall be provided to energize
electrical power to the motion system

(e) Separate power shall be supplied to hydraulic pumps to
minimize electrical interference.

3.6.14 ,ng;ngiagﬁoo gontrols = A malntanance control panel
shall be provided and located within view of each motion
system. The maintenance control panel shall provide lighted
indicators for hydraulic system status, pump controls, manual

controls, a system control switch for "maintenance" and "normal"
operation, and an emargency stop switch.

3.6.18 §g£§;¥ Eﬁovi!;onl - The ingress/egress ramp, doors,
and steps sha ¢ ¢coverad with non=-skid material and provided
with safety interlocks to automatically deactivate motion
system hydraulics when interlocks are broken. Interlocks
shall also be provided to prevent cperation of the motion sys-
tem during maintenance operations. The motion system f£loor
and platform shall be provided with railings commensurate with
ingress/egress requirements. A red warning light shall be
provided at the motion base when the motion hydraulics are
activated. The cockpit access ramp or stairway shall be fail-
safe in the event of facility power failures.
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4. QUALITY ASSURANCE PROVISIONS

4.1 General gquality asdsurance provisions.- tUnlesa otherwise
specifled Rereln, quallity assurance provisions shall be in
accordance with MIL-T-23991 and MIL-Q-9858. The quality
asgurance program shall ansure guality throughout all areas
of the specification requirements, including design, develop-
ment, fabrication, processing, assembly, inspection, test,
maintenance, preparation for delivery, shipping, storage, and
site installation. The contractor's Quality Assurance Program
shall be planned and utilized in a manner to effectively
support the contractor's reliability and maintainability
programs,

4.2 Responsibility for insp-ction.- Unlass otharwise
specified in the contract or purchase ordar, the supplier ia
responsible for the performance of all inspaction requirements
as specified herein., Except as otherwise spacified in the
contract or order, the supplier may use his own or any other
facilities suitable for the performance of the inspection
requirements spacified hasrein, unless disapproved by the
Government. The Governmant reserves the right to perform
any of the inspections set forth in the specification where
such inspections are deemed necassary to assure supplies and
services conform to the prescribed requiremants.

4.2.1 Test conditions.- All tests shall be conducted under
the following conditions.

4.,2.1,1 Signal outputs.- Servo, integrator, and signal
outputs shall be set to insure proper test conditions.

4.2,1.2 Temperature.- Unless otherwise specified, tests
shall 8' made at prevaliing room temperature between 60° F
and 80V F.

4,2,1.) Test equipment and {nstrumentation.- Test equip-
ment shall include a suitable electronic or mechanical control
force and displacement measurement davice, a timing device, a
multichannel recorder, X-Y recorder, maters, and oscilloscopes.
A low-fraquency sine wave generator, 0.0l to 10 Hz, and a
means for introducing impluse disturbances of surface deflac-
tions shall also be included. Calibration charts and con-
version data shall be available during the tests.

4.2.1.4 Alignment.- The trainer shall be aligned by the

trainer contractor prior to the initiation of the test
program,
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4,2,1.4.1 Changes during testing, = All changes made in
aliunment, programmlng, and adjustments during the testing
program shall b: recorded. Any test conducted prlor to such
ad,/nstments shall be repeated unless it can be conclusively
groven Ehat such adJustinents have not invalldated the related
eat data,

4,2,1.4%.2 Changes after testing. - All modifications or
changea ln deslgn determlned necegsary a3 the result of a
test shall be recorded. All testa run prior fo such modi-
flcations shall be repeated unless Lt can be conhcluslvely

proven that such modifications or chanzes in design have not
invelldated the related test data,

4,2.2 Test methods. - Tests ashall be conducted in accor-
dance with the Uovernment-approved Trainer Test Procedures
and Results Report which shall be prepared by the tralner
contractor ih accordance with the contract schedule, The
Trainer Test Procedurces and Results Report shall contain tests
to verify each requirement of sach paragraph of this specl-
fication. The Government reserves the right to conduct other
tests deemed necessary durlng or as a result of Army pllot
evaluation,

4,3 Facilities, - Facilities shall be in accordance wlth
MIL-T=2399)1 and/or MIL-Q-98538,

L,4 Classification of inspectiona, Inspections to be
performed are CL&BBLILled as T%iIows:

(a) In=process ilnspection
(b) Quallty conformance lnapection,

L,4,1 In-process inapection. = The in-process inspection
of MIL-T-EB'QTE‘MTE’E%@?TH of the following items:
Materials
Parts (standard/nonstandard)

c Proceasses

[

)

)

)

) Interchangeability
) 8afety

) Protection of parts
) Cooling

)

)

Human factors

- T | *» o

(a
(b
(
(
(
(
(
(
(

Mechanical design
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) Electrical and electronlc design
k) Rellability
1) Transportabillty
m) Malntainabllity
) Electromagnetic interference suppression
o) Color

Finish (correcsion protection and treatment)

Workmanship

P)
q) Nameplates and product markinga
)
y Wire making.

4,4.2 Quality conformance inspection, - Quality confor-
mance inspectlon sha e 1n accordance with the approved
Tralner Test Procedures and Results Report of the contract
and shall consist of the following examinations and tests:

4.,4,2,1 Examinations, - Examinations shall bs in accor=-
dance with MIL-T=23901.

4,4,2,2 Tests. - The trainer shall be subjected to the
following testso:

(») Functional

(b)Y Trainer operation
(e) Structural
(d) Electrical
(e) Grounding and grounding systems
(f) Human factors engineering compliance
(g) Reliabllity
)

Environmental
1) Electromagnetic interference suppression
J)} Electron-tube shileld electrical contact,
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4.4,2,2,1 Functional tests, - Functional tests shall be
performaed to demonatrate and substantiate the performance of
gach functionel operation of the tralner, The trainer shall
be capable of meeting functicnal teats without allgnment or
adjustment of controls, other than the accessible controls
employed for normal tralner operation, No repairs or adjust-
ments shall be parmitted during the conduct of functicnal
tests, If any repairs or adjustments are required, the test
in queation, as well as any other tests whose regults nay
be affected thereby, shall be repeated after repairs or ad=-
Justments have been made, Functional tests shall include but
go;(b§ limited to the tests of 4,4,2.2.,1.1 through 4.4,2,2.1.

L[] c [ ]

b,4,2,2.1.1, Flight tests., - The following listing repre-
sents major areas In which rilght tests will be gerformed to
gomogutrate compliance with the recquirements of this speci-
lcation:

(a) Static stabllity

(b) Dynamic stability

(e) Controllability

(4) Maneuverablllty

(e) Powerplant performance
(f) Hover/level flight

(g) Climbs/descents

(h) Takeoffs/landlngs

(1) V=-n envelops

(3) In-flight malfunctions
(k) Weight and balance changes
(1) Typical mission

h,4,2,2,1.2 General tests, - The following listing repre-
sents major aread 1R Which general tests will be performed to

deggnatrnte compliance with the requirements of this specifi-
cation:

(a) Alrcraft systems
(b) Powerplant systems

(¢) Communications/navigation systems
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Flight controls - triction and breaikout forces
Flight control/surface relationships

Surface facllitles

Media effects

Procedures

)
)
)
)
)
) Malfunctiona
) Crash
) Instruments
) Sounds
) Instructor station controls and displays
(n) Trainee station problem control

L.4,2.2,1.3 Computer system software tests. - Computer

system software Tests sha e periorme 0 demeonstrate and

substantlate the abllity to meet the total software program
requirements of this specification.

4,4,2,2.1,3.1 Real-time program debugging and verification,
- Program debugging technlqued which necesELtate BiNgle=Btep,

operator-controlled program operation shall be kept to a min-
imum., Initial verification of the trainer programs shall be
achieved by Eroceaaing through a contractor-desighed and
provided verlification progrem, utilizing the basic trainer

processors, Teast.case data which fully test the main program(s)

shall be divided lnto loglcal unites for use in debugging pro-

cedures and lsclatlon of error sources, Partial acceptance of

the tralner and programs shall be based on computer rune made
wlth data derived toc meet the requirements of this paragraph,

L.,4,2,2,1.3,2 Cycle time measurement program., - The con-
tractor shall desigﬁ &nd code programs Ln accordance with
SECONAVINST 3560.1, which will determine the time actually
required to execu%e the operational programs, Measurements
provided by the programs shall include the following Litems

of data;

(a) The worst-case time required for any iteration or
solution cyele during the execution of the real-
time program., Time data per cycle shall be accu=
mulated over a l5-minute period to assure the
achlevement of the worst-case path condition.
Time data shall be accumulated in total milli-
seconds remaining in each cycle, (Cycle time for
this specification 1s 33.333 milliseconds.)

52

o et Fems

T e A e R i 136 T 2 R S e+ i n



() Total tlme requirca ror executlon of the worst-
case program condition during each second of
operation. Time data per second shall be accu-
mulated over a l5-minute period to assure the
achlevement of the worst-case condltion per
second, Time data shall be accumulated in total
milliseconds remaining in each second.

4,4,2,2,1,3,3 Program accegtance ¢riteria, - The accap-
tance of software programs sha e pased on demonstrated
abllity to meet the total program requirements of this specl-
fication in accordance with the test glan and test procedures
required by SECNAVINST 3560,1. Computer system software teats
:hm%l be conducted prior to conducting simulator functional
ests,

4,4,2,2,1.4 Motlon system teats. - Tests shall be conducted
to verlify that the motlion syatem meets the requirements of
thls specification,

4L,4,2,2,1.4.1 Displacement tests. - The displacement of
the motion system Tn each degree ol freedom shall be teated
as followa:

(a) A sine-wave generator (test equipment) shall pro-
vide a command sigznal to any one displacement
mode of the motion system.

(b) The amplitude of the signal shall be lncreased
from gzero until the limits of motion system dis-
placement are reached.

(¢) At any smplitude setting, the angular phase lag
between the command signal and the motlion syetem
displacement ahall meet the frequency response of
this specification, Phase lag and gain decrease
shall be recordad for frequencies from 0,01 Hz to
5.0Hz for input amplitudes of one percent, flve
percent, 10 percent, 20 percent, and 4o percent of
the maximum input slgnal.

4,4,2,2,1,4,2 Acceleration tests, = The verification of
the requirement of excursions, velocLties and accelerations
of this specification may be demonstrated using a dummy loaa,

4,4,2,2,1,4,3 Smoothness tests, - Multichannel recordings
of actuator displace velocity versus time shall be
made for each motion system actuator to cemonstrate complliance
with the frequency response, and hydraulic and electro-mechani-
cal design regquiramenta ot %th specification,
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h,4,2,2,1.4,4 Addltlonal tests., = Addltional tests shall
inelude recordinps of tneoreclcéal (compnted) alrcraft dlsplace=-
ments versus tine, It shall be possible to raecord motion
syatem dlsplacenent in all degrees of freedom simultanecusly
on a multichannel recorder, Recordings shall be made for in-
put signals of (l) a one volt lnereasing step function followed
in 1/2 second by a one volt decreasling step functlon; and (2)
a one volt increasing step functlon, The following contro
ilnputs snall be tested:

(a) Llateral left and right cyelic inputs
(b) Longltudlnal fore and aft cyclle inputs
(¢) Left and right pedal inputs

(d) Collective decrease from normal flight position,
(In this case, the directlon of the step function
shall be reversed,)

Tha computed alreraft dlsplacements shall demonstrate com-
pliance with the approved data, The motlon system dlaplace-
ments shall, within the limitations of the motlon aystem,
correspond %o the aircraft displacements for all conditions of
vertical flight, transition, horizontal flight, and for all
wind and gust loadings imposed, In the cass of a hover, when
the simulated alrcraft ls flown wlthin the displacement range(s)
of the motlon system, there shall be a one-to=ohe correspnne
dence hetwsen the simulated aircraft displacement and the
motion aystem displacement. All equipment necessary to conduct
the tests shall be furnished by the contractor,

4L,4,2,2,1.,5 Visval syatem tests, = The followlng tests
shall be performed on the visual system both in-plant and on=-
slte bLefore finml device acceptance to varify that all specifl-
cation requirements have been met:

4.4,2,2,1.5.1 Syastems integration tests, - Systems inte-
gratlion tests shall De perrormad Dy RAVING two qualified Army
plilots perform successfully all of the following tralnlng tasks:
' (a) Basic powered flight maneuvers

(b) Ground (wheeled) taxi

(e) Takeoff to a hover

(d) Hover (in and out of ground effect)

(&) Takeoff from ground or hover

(f) Approach to hover or ground

(g8) Landing from a hover

(h) Running landing (single engline)
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Landing roll out
Standard autorotation to the ground
Missed approach and go around

Confinad arca approach and landing

)

)

)

)

) Plnnacle operation
) Tactlcal terrain flight

) Cross country flight (4O to 60 nautical miles)
) Inatrument approach and breakout

)

Formation flyling

g 4.h,2,2,1,.5.2 Flightéziaual interface teste, - Tests shall
i be performed to verily tha e g visua nterface ree

guirements are met,
| L.4.,2,2,1.5.3 CGI visual system tests, =

, (a) Resolution - A 100 percent positive contrast U,S,
} Kir Force 1951 resolution test chart, or its
“ equivalent, shall be modeled and display at a
simulated distance of 20 feet to verify com-
gliance with the resclution requirements of

his specificaticn,

(b) Contrast ratioc. « A shot photometer shall be
utillzed to verify compliance with the contrast

. requirements of this epecification,

' (¢) Pleld-of-view. = A theodolite shall he utilized

- to verITg compliance with the fiald of vlew re=-
' quiremants of this specification,

: (4) Luminance - A spot photometer shall be utilized
. To verily compliance with the luminance require-
ments of this epecificatlion.

a- (o) Geometric distortion ~ Rectangular surfaces and
FeCTARgULAT POLAC Iight matrices shall be pro-
grammed for display. The rectangles shall be
centered in the dlsplay fleld-of-view and shall
be of a size to present rectanzgles at the final
display whose gldes are 80, 50, and 30 percent
of the maximum instantaneous fleld-of-view

“ dimensions., A rectangular tamplate shall be
prepared for use at the display to verify com-

BEASR°8:" LR, 0 B0PER 1S, 2 e cortion require
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L,oi,2,2,1,6.4 Infinlty dlaplay ootical tests, = The
following tests shall appty to the COI InTInLty dliaplay

spherical mirrors:

(a) Radius tolerance = A O.5=-inch dlameter circular
StOp BNALL De ucilized to verify compliance with
the radius tolerance requiremants of this speci-
fication, The stop shall be located normal to
and displayed orthogonally from the mirror center
of curvature by 1.0 inch to produce a blur circle
reflected from the entire area of the mirror
required to achleve the specified fleld-of=-view,
The maximum blur circle dimension composing the E
imagze of this stop, on the opposite aide of the
center of curvature ghall ba less than 1.2 times
the circular satop dlameter. 1]

(®) Uniformitf of curvatura = A ring spheronmeter é
oM x ch ring dismcter capable of measur-
ing the sagitta to .0004 inches shall be utilized 5

to verlfy complliance with the uniformity of
curvature requirements of this specification. i

(c) Smoothness of surface - An edge target (i.,e,, |
3 X LO=LNCh wnite cardboard with a 1/2-inch black K
center stripe having sharp edges) shall be used 1
to verify compllance with the smoothness of sur-
face requirements of this specificatlion. Anhy=- i
where on the focal surface of the mirror, the i
reflex imaze of the edge target, as seen by an
ocbaerver at the approximate center of curvature,
shall not reveal any waviness (as caused by 3
surface ripples) or feathery raggedness ( as
caused by "orange peel' of the mlrror surface), :
or any other irregularity (cauaed by other, !
similar surface defecta) to an unaided eye having L
normal 20/20 vislon., The test shall be conducted ;

' with 50 + 5 foot~Lamberts lllumination on the
target with less than 10 foot-Lamberts amblent !
illumination. !

b,4,2,2,2 Tralner operation tegts. - The trainer shall bLe
tasted to determine the Suit@bLlity Of controls and control :
¢ircuits for satisfactory mechanical ahd electrical operation, |
The tralner shall be subjected to operstion tests in normal |-
room temperature, 68 degrees F . 5 degrees, of not less than
6 hours duration to insure qualltatively tne gro ¢r function-
ing of the device including all ogeruting controls, sugply
line voltage, ranges and frequenciles, condltions of extreme
limits, and conformance to applicable safety requirements.
During the operation perlod, not less than 12 corplete cycles
of performance shall be accomplished by the contractor in the
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nresence of the Government inspector to demonstrate compllance
with the regquliremente of this speclfication., All componenta,
flxtures, controle, and riechanisms shall be noved through
thelr maximum norrmal displacements and shall exhiblt no mal-
functioning or oo jectionable rough operation, vibration, or

:_ : irregular movements,
B L,4,2,2,3 Structural tests., - The contractor shall subject
e I typlcal assembIles, such as &mplifiers, servos, and slectronic

( chassia, to ona or more of the followlng tests as nhecessary

- to determine compllance witn the siecification gtrength rew-

: Quirements, Strliking of adjacent ltems, large excursion of any

item or loosening of fasteners during thase tests snall make

the design unacceptable. Actual assenblies and methods of

_ attachment of the actusl assembly up to the point of rigid

: mounting to rigid atructure shall be uased., For this purpcaa,

; cabinet shock mounts snall be considered as rigild mounting.
There itemsa are mounted with marginal spaclng tne test assembly

i shall include parts, asssmbliea, componen%ts, mountings, and

i spacings regrelenting the moat eritical conditions., Tha con-
tractor shall submit a list of amsemblles to be faested for
review and approval to the Procurlng Contracting Officer,

4,4,2,2,3.1 Vibration tests, - Test specimena shall he
gsubjected to approximately sinusoldal vibration in three
mutually perpendicular directions parallel to the edges of
the specimen in accordance with the following table:

Type of Test Amplitude Freguencies Duration
Exploratory 0.02 inch 5 thru 33 Hz As required to

Y ALt WELBK i e s en e A S T

determine re-
sonant frequen-

cles
. Survey 0,06 inch 5 thru 33 Hz Three minutes
in 1 Hz steps at each step
. frequency
Indurance 0.06 inech Dach resonant Two hours. In

fraquence or, case of multli-
in case of no ple frequenciles
resonance at divide time

23 Hz equally.

4,4,2,2,3.2 Shock teats. - Items which are normelly sub-
Jected to bench Fervicing, such as amplifisrs, shall be
subject to the following bench handling tests. The Litem, in
its normal aervicinf configuration, shall be placed, as for
servicing, on a solid 2-inch fir bench top or equivalent,
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(8} The item shall ke tilted up through an angle of
] 30 deirees using one edge of the ltem as a plvot,
i and dropped to its orizlnal position

i () Repeat (a) with the item placed on other faces, 3

] nntlil Lf has been dropped for a total of 4 times 3
on caclhi face on whieh !t could be placed during
servieing.

O " Tor RSaig Sl L gl

’ h,4,2,2,4 ZTlectrical tests, - In addltlion to the electri-
cal tests of MIL=T-=300L, che tralner shall also be tested
for maximun pouver demand.

e

4,4,2,2,5 Grounding and xroundin stems tests, - In
addlition to the zZroundlny and groundlng systema tests of MIL- 3
T-23991, tests shall be conducted to verify the requirements 3
’ of tnls apecification. :

| 4,4,2,2,6 Human factors enginesrins compliance tests, - 3
! Human factora eﬂ@!ﬁe%&ﬂ&ufﬂiomﬁéiance TeSts Shall te in accor- .ﬂ
dance with MIL=T=-23991 inecluding verification of the lighting
and acoustical nolse requirements of this specificatlion.

‘ 4,4,2,2,7 Reliability tests, - Rellabllity tests shall ,
, be as required Tor the rellabLiity demonstration of 4.7.1, %

e -
et 4T, SRR A, S P T b

4,4,2,2.8 Environmental tests, = Environmentel tests P
ghall be conducted &8s follows: L

(a) Temperaturs measuring shall be performed during
the conducting of trainer operatiocn tasts with
all covers in place and dooras closed and at the
specified temperature, Temperature measuring
instruments shall be placed at critical points
throughout the traimr, covering suspected hlgh-
temperature areas. Data shall be recorded at 4
least onces during each hour of trainer operatlon, i

' Date thus obteined shall indicate location of the I
measuring instrument, the temperature (OF) at the
measured point, and fne amblent temperatures (°OF)

el _uhefe: S L

Fe e meid

(b) Meximum heat generation of the trainer
L (¢) Equipment cooling requirements.

p h,4,2,2.9 ctromagnetic interference suppresslon testsd,
: - The tralner motlon syatem sha s tested TO the re=- P
quirements of MIL-3TD-L61 between the frequency range of 10
MHz to LOO MMz at a level of 1 volt per meter, Details of
the test procedure to be used shall be submitted with the
Electromagnetic Interference Control Plan., In addition, cross-
talk and signal-to-noise ratio teste shall be performed to
verify that the requirements of MIL-C-29025 have been met.
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Wy, 2,8, 10 EloctyoneGibe ghleld electrical contaat., - The
oL neon raglotones o0 sleclyron=v e gnhelis shall be tesbtad 'n

accordanca ot In-Ten30,

B,3 0 mnbtent of taselns and tegt conditlons. - The entent of
hegting @nd Cest conditlons required to aecermine guallty
asg:rance far Device 2340 shall be as specified !'n 4,2,1,
h,2,2, &by, and 4.7, including subparasraphs thersto,

4,0 Materiml to accomnany training devieces, = Material to
accorpanyy tralinln; devlices snall be ln accordance iith ['lleT-
22741,

o

4,7 Depongtrations, =

L,7.1 Reliabllitv demonstration, = An Lnenlant reliabllity
demonstratTon ahall oe conductea in accordance with the re-
auirenents nof NIL-3TD-T.1l and the Govarnnent-approved Rall-
abLllity Test and Demonatration Plan to bLe providad by the
contractor under the provislons of the contract., The purpose
of the demonatration will be to ascertain whether or not De-
vice 2BUO performs in accordance with the quantitative LITEF

requlrenents of thls aspecification, The following addltlonal
eriteria shall apply:

(a) Test Plan XXI, Test Level A-l, of MII-STD-731 shall
be utillzed to demonstrate @4 and @q.

(v) Tallure critaria shall be in accordance with the
following:

(1) then a fallure ls due to: adiustment (maintenance
or installation), design defect, nanufacturing
defect, any other part derect, worlumanshilp, mls-
apilication part wear or unknown ressons, the
fallure shail be categorized as relevant,

(2) When the fallure ls due to: accldental damage,
adlustment (operator), drawing error, fallure of
another part (secondary failure), installation
error, operator error, scheduled replacemant, or
fallure of test equipment or facillty, the fallure
shall be caterorized as nonrelevant, DMNonrelevant
falluree are not counted for determining relie-
ability, but are recorded in order that corrective
action may be taken as required.

(3) When two 12) or more fallures of the same part
occur in ldentical or equivalent appllcation,
whose combined fallure rate exceeds that predicted
the failure(s) shall be categorized as a pattern
fallure, When twe (2) or more gecondary fallures
of the same part occur, whose combined fallure
rate exceeds that predicted, and which are due to
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more than one primary fallure, the secondary
fallir2 shall be - tegorized as a relevant
pattern fallure,

(c) The duty cycle to he mailntalned throughout the
denonstration ahall be typlcal of normally
scheduled training operations, with all operating
rodes of the tralner being exercised.

L,7,2 Maintalnability demonstration, - A maintainability
derionstratlIon shall be conducted Ln accordance with the maine
tainabllity renuirements of MIL-STD-471, and the contractor=
prepared, Covernment-approvad demonatration plan., The purpose
of the demonstration will he to ascertain whether or not
Device 2RO performs in accordance with tha quantitative MTBF
requirements of this speclfication. The followlng addltional
criter/a shall apply:

(a) Test Method U of MIL-STD-4T1 shall be utilized
to demonstrate the speclfied MTTR

(b) The maintainabllit) task to be demonstrated shall
be selected from an approved list of 50 simulated
taska submitted by the contracter Lln accordance
wlth MIL-STD-471, Appendlx A.

5. PREPARATION FCR DELIVERY

5.1 Preparatlion for dellvery, ~ The tralner shall be
pacika_ed, pacied, Aand narked In a manner that will lnsure
acceptence by common earr}er and safe dellivery at destination,

6. MOTZS plota

8,1 Intended use, =AThe principal use for Device 2BUO
will be TOY plLliot transltion training, integrated crew
tralining, and for the maintenance of contact and instrument
fllght proficlency in the AAK, with emphasls on combat flying
Bkills such a8 nap=of-the=-sarth flight, and target engagement
and ordinance dellvery. These applica%ionn will include con-
cern for both techniques and procedural skills. The tralnees
using the device will be previously rated Army hellcopter
pllots, Tralnees willl be able to perform all normal and
enargency lnstrumant and visual flight maneuvers within the
conatraints of the visual system. The trainer will also be
used for the tralning of Lnstructor pllots.
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