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SECTION I
INTRODUCTION AND PROGRAM OBJECTIVES

This final report describes the XV-15 V/STOLAND integrated digital avionics
system, the program under which this system was designed, developed ard deliv-
ered, and the performance obtained with the delivered system. This system was
designed for the NASA/Army XV-15 Tilt Rotor aircraft (shown in Figures 1-1
through 1-3) in its three configuration modes: helicopter, tilt, and airplane.

The XV-15 V/STOLAND system was produced as a part of a joint NASA/Army
V/STOLAND Fl1ight Research Program which develops operational and design criteria
for civil and military operations utilizing advanced V/STOL vehicles. The
objective of the XV-15 V/STOLAND part of that program was to produce a digital
flight control system for the NASA/Army XV-15 Tilt Rotor research aircraft that
provides sophisticated navigation, guidance, control, display and data
acquisition capabilities for performing terminal area navigation, guidance and
control research.

The V/STOLAND system accomplishes these objectives by a system of software
and hardware components that allow liberal modification of the navigation, guid-
ance, control and display functicns so that extensive and effective experimental
research can be undertaken. Two Sperry 1819B general-purpose digital computers
are provided. One, designated as the "Basic" computer, contains the Sperry-
developed software that performs all of the specified system flight computa-
tions. The second computer, designated as the "Research" computer,. is available
to NASA for experimental programs that run simultaneously with the Basic com-
puter programs, and which may at the push of a button replace selected Basic
computer computations. Other features that provide research flexibility include
keyboard-selectable gains and parameters, and software-generated (by the Basic
or the Research computer) alphanumeric and CRT displays.

1-1
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The Basic system performance objectives include:

¢ Automatic attitude stabilization and control via commands to the Force-
Feel system (which is part of the basic aircraft equipment).

e Automatic control of the engine pylon angle (rotor tilt angle) over the
entire range, from helicopter mode to airplane mode, as a function of
velocity and flight conditions.

o Terminal area navigation, utilizing navaids (VOR/DME, TACAN, MLS) plus
conventional body-mounted inertial sensors (attitude and rate gyros,
accelerometers) for smoothing.

¢ Automatic guidance along VOR, TACAN and Waypoint radials, including
captures and automatic transitions between such radials.

e Automatic 3D guidance along a prescribed reference flight path.

e Automatic landing guidance to touchdown for straight-in and helix
trajectories.

¢ Flight director guidance.

¢ Moving map CRT display.

¢ Extensive in-flight failure monitoring, with diagnostic reporting.
e Afr data computation.

¢ Exhaustive preflight testing and reporting.

e Data acquisition facilities.

e Pilot warning annunciations (display messages, caution 1ights, audible |
alarms).

The system that accomplishes these and many other objectives is of necessity
targe and complex for an airborne system. (These units are listed in Appendix i
A.) j
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The Basic computer software utilizes 16,208 18-bit words of memory, and the
Research computer is supplied with software utilfizing 5178 words of memory
(which includes executive and 1/0 functions, the preflight test program, and

general use routines). The software is thoroughly documented in 10 volumes as
listed in Appendix B.

!

The performance of the system was formally demonstrated vic the Dynamic
Acceptance Test on the S-19 simulator at NASA ARC in February 1978. The simu-
lation cab included servos and control linkages, including hydraulic boost
actuators. The aircraft dynamics were simulated on an EAI 8400 computer. Sub-
stantial effort was expended in integrating and validating the V/STOLAND equip-

ment on the $-19 simulation facility. The test facility and test results are
Jescribed in Section VI.

i o

The remainder of this document begins with a section that briefly reviews
the history of the program, It is followed by Section [II which summarizes
capabilities of the V/STOLAND system. Section IV describes the equipment that 1
comprises the system, and Section V describes the system software, covering the P
executive, control, guidance, navigation, and the failure monitoring and diag-
nostics functions with extra detail. The validation and testing of the system

is then described in Section VI, followed by conclusions and recommendations in
Section VII.

1-6
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SECTION II
BRIEF CONTRACT HISTORY

The XV-15 V/STOLAND system was produced under an amendment to an ongoing
contract for a similar system for the UH-1H helicopter (V/STOLAND Digital
Avionics System for UH-1H, Final Report, NASA CR-152179).

Both V/STOLAND programs were preceded and overlapped by several NASA/Sperry
programs for STOL aircraft, referred to as STOLAND. Three STOLAND systems were
delivered. Two systems were installed in aircraft and one in a simulation
facility. One of the aircraft, the Augmentor Wing, is a modified de Havilland
C-8A Buffalo, fitted with jet engines, rotatable hot thrust nozzles, augmentor
wings and a hydraulic powered elevator. The other is a de Havilland DHC-6 Twin
Otter fitted with spoilers. The original contract was authorized in June 1971.

The UH-1H V/STOLAND program incorporated much of the technology and experi-
ence achieved under the STOLAND effort, but also took advantage of newer tech-
nology (for example, the newer 18198 computer replacing the 1819A).

The XV-15 system has many components in common with the UH-1H system, but a
few were redesigned to accommodate the smaller cockpit space available on the
XV-15, and the Data Adapter was redesigned for the XV-15 requirements.

The system design and requirements changed considerably during the course of
the program, as might be expected for a large and complex research-oriented Sys-
tem. Specific dates are given in Table 2-1 for the preliminary and final design
reviews; however, several follow-up design reviews were also conducted Tor fur-
ther definitions and revisions of components and software modules. Many of the
modifications were of major impact, requiring contract modifications.

2=1
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TABLE 2-1
MAJOR MILESTONES

Contract Start September 1974

Preliminary Design Review July 1975 >
Final Design Review March 1976 i
System Delivery to NASA November 1977 |
Installation at NASA Completed February 1978 ;
Dynamic Acceptance Testing Completed | April 1978 f
Contract Completed September 1978

Table 2-2 1ists the significant XV-15 V/STOLAND contract changes from the
original contract (NAS 2-7306) which became effective on December 15, 1972 for
the UH-1H program. The XV-15, Phase IV, of the V/STOLAND contract was initially
authorfzed by Contract Amendment No. 12, effective September 1, 1974. The table
is in chronological order, and each change is identified by & modification num-
ber and a brief description of the change. Note that the table refers only to
XV-15 hardware, software, documentation, and design studies, and specifically )
does not cover the changes associated with the UH-1H or XV-15 cost and schedule
changes.

The S-19 simulator at NASA Ames Research Center was configured and mechan-
ized to represent a comprehensive simulation of the V/STOLAND XV-15 aircraft
system in flight. The equipment included a cab with a complete instrument
panel, control sticks and pedals, control linkages and booster servos, an AHS
(Airborne Hardware Simulator) that simulates the interfaces of airborne hardware
(navaids, sensors, etc) to the Data Adapter, the EAI 8400 simulation computer
facility with the associated Redifon visual terrain display system, and miscel-
laneous computer terminals and peripherals. The extensive electrical interfaces
were checked out by a formal Static Acceptance Test which utilized special soft-
ware in the Basic, Research, and Simulation computers. The integration of the
V/STOLAND system in this simulation facility was a significant task, but proved
to be a very effective tool in validating the system and in responding tc the
research pilot's evaluation.

2-2
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b TABLE 2-2
i TECHNICAL CONTRACT CHANGES
Modifi:atfon | Effective
Number Date Description
12 9/1/74 Study, System Design, and Preliminary Software Devel-
opment for V/STOLAND to be used in XV-15 Research
Afrcraft.
18 12/16/74 | Authorized Phases V and VI of XV-15 Program:
o Hardware and Software for XV-15 Aircraft
e XV=15 Simulator Hardware and Software Changes
o Ground-Support Equipment and Software to Support
XV-15 V/STOLAND System.
23 5/14/75 Adde! four new items and deleted nine items as a re-
sult of Phase IV Study:
Added Deleted
Data Adapter Basic Data Adapter
F1ight Mode Annunciator Aux Data Adapter
Mode Select Panel Mode Select Panel
Data Entry Panel Status Panel
Keyboard
Mode Status Panel
MFD Control Panel
Panel Power Supply
Servo Interlock Unit
32 1/28/76 Deletes the HSI Signal Conditioner.
33 2/9/176 Authorized work on XV-15 Simulation Sench at Phoenix.
39 3/18/17 Deletes 2 portion of Phase VI, Task XI.
41 5/3/77 Deletes XV-15 GFE Flight Rack Checkout.
45 9/30/77 Deletes XV-15 Model Specification.
46 10/7/77 Authorizes Message Alert Lights.
54 1/1/78 Deletes XV-15 Final Report.
- 2-3
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SECTION III
SUMMARY OF SYSTEM CAPABILITIES

The V/STOLAND system was designed to be a research tool with a high degree
of flexibility and capability for experimentation. Furthermore, & software
package was developed for the Basic computer which implements sophisticated
guidance and control functions, navigation comjuiitions, display data, self-test
monitoring and diagnosis, and numerous other functions. This section summarizes
the most noteworthy capabilities of this system in general operational terms.

3.1 RESEARCH-ORIENTED ARCHITECTURE

Several characteristics of the V/STOLAND system architecture make it par-
ticularly suitable for research and experimental projects. Figure 3-1 11lus-
trates the general architectural configuration. The principal features are
described in the fo!luwing paragraphs.

Inteqgrated Computations - A single 18198 computer, designated as the Basic

~ computer, performs all computations for the complete set of prescribed airborne

functions under programs running in core memory. This integrated approach pro-
vides for a higlh degree of flexibility in designing and modifying all computed
functions, including guidance and control Taws, flight reference trajectories,
displayed data, monitoring, instrumentation, and data interchange between the
various functions. A new program may be loaded into the computer memory before
each flight.

Dedicated Research Computer - A second identical and interchangeable come
puter, designated as the Research computer, may be programmed by experimenters
to perform specific experimental functions without being burdened by the 1/0
processing or other computations not directly related to the experiment.

A1l input data to the Basic computer from sensors, control panels, etc, is
immediately decoded and then transferred to the Research computer with minimum
delay, at 40 Hz sampling rate. Also transferred at this rate is an extensive
1ist of data computed by the Basic computer programs which may be utilized in
experimental routines in the Research computer, just as if they had been
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computed there. Research modes, described in Paragraph 3.6, may be selected
§ : which substitute for Basic computer modes without incurring additional transport
; lag. :

Large Complement of Sensors - The V/STOLAND system includes interfacing to
an extensive set of inertial, radio, and air data sensors to permit a variety of
experiments in navigation and guidance. Such sensors include:

a7

e Pitch, roll, and yaw rate gyros
o Normal, lateral, and longitudinal accelerometers
e Vertical gyro

o Compass system

e Static pressure transducer

o True airspeed sensor (J-TEC)

¢ LORAS airspeed sensor

¢ Radio altimeter

e VOR receiver (digital)

¢ DME

o TACAN

o ILS

o MLS

e LTN-51 inertial navigation system
o Doppler radar system

e Tetrad ring-laser gyro
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Software-Driven Displays - Considerable flexibility and research canacity
in display techniques are provided by the following software-driven displays.
Figure 3-2 shows the displays as installed in the Sperry simulator.
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e CRT Multifunction Display (MFD) - This stroke-written CRT display is
suitable for maps or any figures that can be constructed of lines. It
also displays alphanumerics and other symbéls, and is completely con- H
trolled by a data stream generated in the computer.
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¢ Alphanumeric Displays - The 24-character Flight Mode Annunciator (above 5
the ADI), the 24-character Data Entry Display on the Status Panel (on the j

a

I

center console), and the five numeric reference displays on the Mode
Select Panel are completely controlled by software, permitting
flexibility in displaying messages to the pilot. i

e ADI/HSI Indicators - All but the primary attitude displays on the ADI
(pitch and roll attitude) and on the HSI (heading) are controlled by
software, allowing flexibility in the presentation of deviations, flight
directors, flags and the two numeric range displays on the HSI (see
Fiqures 4-51 and 4-52 in Section IV).

Software-Senscd Control Panels - Two control panels contain buttons and
other switches which are sensed directly by software. The pushbuttons are also
illuminated under software control to provide mode annunciation. All buttons
are currently dedicated and labeled for prescribed functions; however, such
dedication is totally under software control.

) e Mode Select Panel - 12 dedicated pushbuttons, each with up to 5 illumina-
) tion states (including off); 5 slew switches (5-position, spring-return
to center); one 4-way map slew switch.

e Data Entry Keyboard - A 30-button (6 x 5) alphanumeric keyboard plus 3
auxiliary buttons (letter/number, enter, clear). The keyboard software
] allows entry of data, such as gains and other parameters, by keying in
3-1etter mnemonics plus the desired associated numeric data. This panel
provides a high level of flexibility for modifying parameters or modes in
flight.

Dedicated Parameter Assignments - The Basic computer programs are written
to facilitate modifications of gains, thresholds and other parameters by assign- 3
ing a distinct and labeled word in a data table for each parameter that could ‘
conceivably want to be changed under future program experimentation and develop-
ment. Such parameters are thereby also accessible for modification via the
keyboard.
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Data Recording Capability - An on-board digital recorder records 96 words
as defined by computer software at a rate of 20 times per second. Recorded
flight test data may subsequently be processed to produce graphs as desired.

Simulation/Validation Facilities -~ The system is configured to facilitate
development and validation of new or revised software on NASA's S-19 simulation
facility before it is taken on a flight test. Equipment racks, interface equip-
ment, and 3 cab that includes a full set of instruments and servos are provided
which allow mounting the airborne V/STOLAND equipment in the simulation facility
for a thorough checkout before a flight test is conducted.

3.2 GUIDANCE AND CONTROL FEATURES

The Basic computer software includes guidance and control programs that
provide total hands-off automatic control, or flight director guidance via the

ADI fiight director i.dicators. The guidance modes and associited reference
values are selectable on the Mode Select Panel. The following guidance modes
may be selected:

Independent Vertical-Longitudinal Modes:

o Airspeed Select/Hold
e Flight Path Angle Select/Hold - to $15 deg

e Altitude Select/Hold - Automatic transition through Fiignt Path Angle
select and hold

Independent Lateral-Directional Modes:

¢ Heading Select/Hold
o TACAN Radial Capture/Hold
e VOR Radial Capture/Hold

e Waypoint Radial Capture/Hold - The waypoint is a virtual TACAN/VOR
station which may be placed at any point on a runway-referenced x-y

coordinate frame (within a 100-nmi square) via the keyboard.

The reference angles for these modes are independently selectable on the Mode
Select Panel, and transition between selected modes is automatic when capture
conditions are satisfied.

3-6
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Three-Dimensional Modes:

¢ Reference Flight Path - A path composed of straight and circular line
segments connecting a sequence of waypoints defined in an x-y-z coordi-
nate frame (see Figure 5-4). Lateral and vertical capture is automatic
when respective capture conditions are satisfied.

o Straight-In Land (LAND-1) - A path lined up with the runway laterally,
but with a selectable glide slope. The aircraft is also automatically

decelerated in accordance with a prescribed velocity profile until it
comes to a hover 10 feet above the designated touchdown point. Finally,

the aircraft descends to touchdown under a prescribed letdown profile.

¢ Helix Land (LAND-2) - A land path that includes a 2-turn helical trajec-
tory to provide 1600 feet of descent within a confined area (helix f

radius = 1189 feet). This path terminates on a "pad" offset from the
main runway.

Capture of the Land modes may be set up by flying the Reference Flight Path, or
any path that intersects the Land path, and then pushing the appropriate buttons
to arm the desired Land mode.

3.3 NAVIGATION

The Basic Computer Navigation Software Module computes the aircraft posi-
tion and ground velocity with respect to the Crow's Landing runway coordinate
frame by using grcund-based navaid position data augmented with acceleration
data derived from a strapdown system. The available navaid data sources are the
VOR/DME at Stockton and the TACAN MLS at Crow's Landing. The acceleration data
is supplied by the outputs of three body-axis-mounted accelerometers.

The pilot may control the navigation function from the Mode Select Panel by
the switch and buttons in the NAV SOURCE area (see Figure 4-42). With the
AUTO/MAN switch in the MAN position, the pilot may manually select any valid
navigation source by pushing a button illuminated amber. The TAC/VOR button
alternately selects the indicated nav source. Gree: illumination indicates the _
selected source. With the AUTO/MAN switch in the AUTO position, the system i
automatically selects the navaid source based on priority and validity.

3-7
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The navigation outputs are used to position the aircraft symbol on the MFD
map display. The aircraft symbol will be displayed on the map any time the
navigation module has a reasonably accurate value for the aircraft position.
This will be the case wher 1 valid navigation mode is selected or during a two-
minute, dead-reckoning period after valid navigation data is lost where the air-
craft position 1s updated only from accelerometer values and the best estimate
of wind velocity.

During normal operation, the raw navaid inputs are prefiltered to smooth
the data and eliminate "dropouts" which often occur. A "dropout" is defined as
an excursion of the data to an iacorrect and unreasorable value for a short
period of time while the associated valid remains high. The raw data prefilter
technique involves continuous estimation of the rate of change of the raw data
based on aircraft ground speed and heading. When a data dropout occurs, the
condition 1s sensed by comparing the raw data with the estimated value, i.e.,
the output of the prefilter. The estimated value is then updated by integrating
the rate estimate until the raw data returns to a reasonable vaiue. If the
dropout lasts more than ten seconds, the estimate is declared invalid and the
navigation reverts to dead reckoning unless a valid navigation source is
selected manually or automatically.

The prefiltered raw data estimates are used to compute the aircraft posi-
tion in the x-y runway axis system. This value of aircraft position is input to
the navigation x and y complementary filters along with runway axis acceleration
values derived from the body axis acceleration values. The complementary fil-
ters generate the filtered estimates for aircraft position and velocity, and the
prefilters isolate the complementary filters from the effects of the raw data
dropouts. This technique has proven effective in maintaining reasonable
navigation outputs in the presence of source data dropout conditions.

The Navigation software module also computes the barometric altitude of the
aircraft from static pressure sensor data and the aircraft height above the run-
way at Crow's Landing. The height complementary filter output is derived from
barometric, MLS, and radio altitude position information augmented with vertical
acceleration derived from the body-axis-mounted accelerometers. Baromeiric
position data is used until MLS height information is available. Whan MLS
height information is available, it is blended into the height filter input
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while barometric height is blended out. Below 400 feet AGL, radio altimeter
height is blended into the height complementary filter position input. Below
100 feet, the height complementary filter gains are increased significantly to
allow precise height tracking to the touchdown point.

Other outputs of the Navigation software module include wind components in
the runway axis system and ground speed. Further details of the navigation
software module are presented in Paragraph 5.4,

3.4 MOVING MAP CRT DISPLAY

The Multifunction Display (MFD) proaram presents a map window on the MFD
screen that may be moved over a 100 x 100 nmi area centered at Crow's Landing.
The map scale is selectable at 5, 1.5 or .5 nmi per inch, and the map window may
be slewed by a 4-way slew switch which causes the map to move at 4 inches per
second in the selected direction. The map may also be displayed in the North-Up
mode or the Heading-Up mode. These selections are made in the MFD area of the
Mode Select Panel.

In the North-Up mode (where north is up on the screen) the map is station-
ary and the aircraft symbol (a triangle) moves on the screen. It may move off
the screen edge if the map is not slewed appropriately. In the Heading-Up mode
the aircraft symbol remains stationary at the center of the screen, pointing up,

and the map moves correspondingly. A representative display is shown in Figure
3-30

The location of the aircraft on the map is obtained from the navigation
computations. When the navigation goes into the dead-reckoning mode, the
aircraft symbol flashes for 2 minutes after valid navigation data has dropped to
warn the pilot of this condition. If valid navigation is not restored by the
end of the 2-minute period, the aircraft symbol then disappears from the screen.

As shown in Figure 3-3, a series of track history dots are displayed behind
the aircraft, each dot representing a 10-second interval. Similarly, tvo lines
ahead of the aircraft symbol predict where the aircraft will be, up to 40
seconds in the future, assuming that the current aircraft attitude and velocity
are maintained.
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3.5 FAILURE MONITORING AND DIAGNOSTICS

The Basic computer program includes a failure monitoring and diagnostics
program module which monitors the V/STOLAND system operation and, upon detection
of a malfunction, causes the appropriate disconnect actions and reporting to
occur. The module monitors data valid signals from the sensors and subsystems
that provide such valids, before this data is used in the flight program. It
also calculates software monitors to augment the hardware monitors as described
in Paragraph 5.5.

If a failure occurs in a component required for an engaged Autopilot mode,
the Autopilot will disconnect, the red V/STOLAND caution 1ight on the instrument
panel will flash, and a diagnostic message will be displayed on the Data Entry
Display Panel at the center console. This message will also be logged in the
computer memory, and may be reviewed via the keyboard at any later time (until
the failure lagging buffer is cleared).

If a failure occurs in a component that is not critical to the Autopilot
(for example, the MFD display), the V/STOLAND light will go on (but not flash),
and a diagnostic message will be displayed and logged as described above.
Paragraph 5.5 describes the monitoring and diagnostics functions in more detail.

3.6 RESEARCH MODES

The system has the capability of operating with software modules in the
Research computer which replace functions in the Basic computer. The Research
mode is enabled by setting RES to a non-zero number on the Data Entry Keyboard.
When this is done, any of the following Research sub-modes may be engaged by the
Research computer software by setting associated flags which are part of the
data transmitted from the Research to the Basic computer:

e Vertical/Longitudinal Guidance and Control - When RVLGAC is set (by the
Research computer) the commands from the Research computer vertical and
longitudinal guidance and control computations are used instead of the
analogous Basic computer commands.

o Lateral/Directional Guidance and iontrol - When RLDGAC is set, the
lateral and directional Research commands are used as described above.
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o Navigation - When RESNAV is set, the computed estimates for aircraft
position and velocity obtained from the Research computer are used by the

Basic computer instead of the Basic-computer-derived estimates.

o Multifunction Display (MFD) - When RESMFD is set, the output to the MFD
fs channeled from the Research computer instead of from the Basic MFD
computations.

o HSI/ADI Course and Vertical Deviation - When RESAM is set, the course and
vertical deviation displayed on the HS! and the ADI come from the

Research computer instead of from the Basic computer computations.

The Research mode must be enabled to engage the above Research sub-modes. The
setting of the eight sub-mode flags (RVLGAC, etc) is controlled entirely by the
Research computer software. Setting these flags may be initiated from the
keyboard by the number entered for mnemonic RES. This number is transmitted to
the Research computer. If there is a failure in the Research computer, in the
Basic/Research I/0, or in the Research software as indicated by the computed
Research software valid flag (RSWVAL), the Research mode will automatically
disengage.

A large data buffer transferred to the Research computer every compute
cycle (25 ms) includes formatted input data from sensors, switches, etc, plus
the major computed variables. The Research software may use this data as
desired, and may return any portion of the computed data without modification to
reduce the amount of computations performed in the Research computer. The
Research-to-Basic buffer is 250 words long, and this input buffer is open until
approximately 5.5 milliseconds after the Basic-to-Research output buffer is com-
pleted. Therefore, the Research computer computations performed within this
period will not suffer any transport 1ig due to being cycled through the
Research computer. This time period is adequate to complete the high-speed
computations.
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3.7 PREFLIGHT TESTING

A comprehensive preflight test function is provided by a software module
that exercises the V/STOLAND flight system hardware and associated interfaces,
and verifies that the system is in proper working condition, Alphanumeric
messages guide the test conductor in conducting the tests, and diagnostic
messages are provided for tests that fail, The preflight test software is

resident in the Research computer, and operates in conjunction with the Basic
computer airborne software.

The preflight test is divided into six sections, and each section is
further divided into its associated subsections. This sectionalization makes it
possible to bypass sections not of interest, and the tests for a specific

section or LRU can be accessed easily. The preflight test sections are as
follows:

e Section 000 - Valids and Nulls

e Section 100 - Panels
- Data Entry Display (DED)
- Flight Mode Annunciator (FMA)
- Data Entry Keyboard (DEK)
- Mode Select Panel (MSP)

e Section 200 - Displays
- Horizontal Situation Indicator (HSI)
- Attitude Director Indicator (ADI)
- Multifunction Display (MFD)

e Section 300 - Pilot Controls and Control Systems
- A/P Engage Logic

FFS Servos

Flap-Select Actuator

Conversion System

RPM Control

- Power Lever

¢ Section 400 - Sensors
- Force Transducers
- Inertial Sensors
- Air Data Sensors

3-13
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¢ Section 500 - Navaids
- Navaid Inftialization
- Radio Altirete:
= VOR
- DME
= TACAN
- MLS
- INS
- Doppler

Thé preflight test program offers the user each of the major test sections
1isted above, one at a time. If a section is selected, the program then offers
the user the subsections in the order 1isted until a subsection is chosen, or
until all subsections and sections have been offered.

The test operator interfaces with crr preflight test program through Data
Entry Xeyboard (DEK) entries and through Data Entry Display (DED) and Flight
Mode Annunciator (FMA) messages. As a general rule, the FMA is used to display
the program status ({.e., what is presently under test ) while the DED is used
as the working display for instructing the operator to do certain procedures,
for informing the operator of the results of a specific test or procedure, and
for asking the operator to respond to some types of test results.

The preflight test engagement is interlocked with weight-on-wheels. If
weight-on-wheels is present and the V/STOLAND system is powered, the preflight
program is initiated by the operator typing PFT=l on the keyboard. After the
operator has pressed the ENTER button, the introductory message XV-15 V/STOL PFT
TEST will be displayed on the FMA for 5 seconds. This message {ndicates that
the preflight program has been successfully engaged and that the various
preflight flags and program directors have been initialized. The program then
begins to offer sections for testing as described above.

An example of display messages for section selectfon is as follows for the
two display panels:

i) 2ED

* PANELS * SECTION 100

SECTION 100 PUSH T OR -~
3-14

Y . e i I




If testing in a subsection of Section 100 is desired, the operator pushes T on
the keyboard; otherwise he pushes - to go on to the next section. The format is
similar for selecting or bypassing subsection tests.

Some tests require operator verification. For example, in a test of the
HSI heading-select cursor, the cursor is driven to 45 degrees and the¢ DED
displays:

HOG SEL = 45°
VERIFY: f/=

If the operator observes the cursor at 45 degrccs, he pushes on the keyboard
to go on to the next test item, Otherwise he pushes F to log a test failure.
This logging occurs automatically for tests that do not require operator
verification,

When a test fatlure has been logged, the DED identifies the failed compo-
nent and offers to provide additicnal detail in the form of a diagnostic number.
An example of such a display 1is:

MODE SEL PNL
FAULT: D/

If D is pressed, the display will be

MODE SEL PNL
DIAG NO. 146

or any other of 44 diagnostic numbers devoted to the MSP. The uiagnostic 146
means that a fault was detected when the HDG HLD/SEL pushbutton discrete was
being tested. The operator's manual* lists failures by diagnostic numbers
(Table 3-3), as well as all FMA and DED messages for all failure modes under
each section and subsection (Table 3-2).

*V/STOLAND Digital Avionics System for XV-15 Ti1t Rotor Aircraft, Jperator's
Manual, Sperry Flight Systems, Pub. No. 71-1255-00, August 1978.
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At the end of the preflight test, the program control is transferred to the
failure summary mode. If ther2 have been no failures, the message V/STOL PFT
TEST PASSED appears on the FMA and the message NO FAILURES appears on the lower
DED (upper DED is blank). These messages are displayed for 3 seconds and then
the preflight program executes an automatic transfer to the preflight exit
1o0gic. i

[f there have been failures, the failure summary logic displays the total
number of failures that have occurred on the upper DED and instructs the opera-
tor to PUSH D OR P via the lower DED., The operator may then continuously review
the diagnostic -uibers of the failed tests on the upper DED by repeatedly press-
ing the D buttor on th2 Data Entry Keyboard (DEK). The numbers will appear in
ascending order, nne number for each button depression. After the highest _i
numbered diagnostic has been reviewed and the operator presses the D, the DED '
will read as follows:

REPEAT DIAG
PUSH D OR P

[f the D button is pressed, the diagnostic review procedure is repeated. The
operator nay initiate a program exit at any time by pressing the P button.

The operator may also elect to terminate the preflignt test at any time
during the test (except during the CEK K through T test) by pressing the P
button on the DEK, If the end of the preflight test is reached and no failures
have occurred, the exit will be initiated autumatically. The preflight exit
logic displays the message

EXITING PFT
PFT = 0

on the DED for 3 seconds to inform the operator that the preflight program is

being terminated. The preflight logic then drops the preflight engage flag and
program contol is returned to the basic airborne mode.
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SECTION IV
DESCRIPTION OF SYSTEM HARDWARE

4.1 GENERAL DESCRIPTION

The principal contractor-furnished components comprising the V/STOLAND sys-
tem, and their signal flow relationships, are shown in Figure 4-1. The cockpit

equipment used or viewed by the pilot is configured as shown in Figure 4-2, and
includes:

e Flight Mode Annunciator (FMA)

e Mode Select Panel (MSP)

e Data Entry Display (DED)

e Data Entry Keyboard (DEK)

e Attitude Director Indicator, Sperry HZ-6F (ADI)

e Horizontal Situation Indicator, Sperry RD-202 (HSI)
e Multifunction Display (MFD)

e Miscellaneous Controls and Indicators

Other equipment is mounted in a flight rack in the cargo compartment as shown in
Figures 4-3 through 4-5. This equipment includes:

e Basic Computer

e Research Computer

e Data Adapter

e Inertial Sensors

e Air Data Sensors

e Navigation Sensors

o Instrumentation System (DDAS)

Appendix A contains a complete list of system components.

4.2 THE AIRCRAFT SCAS AND FFS INTERFACES

The V/STOLAND Autopilot operates through the aircraft Force-Feel System
(FFS), and only with the SCAS engaged. A schematic illustration of the mechan-
ical controls is given in Figure 4-6. Figures 4-7 and 4-8 are block diagrams of
the XV-15 flight control system, showing all pilot and autopilét inputs, and all
controlled outputs.

4-1
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SECTION IV
DESCRIPTION OF SYSTEM HARDWARE

4.1 GENERAL DESCRIPTION

The principal contractor-furnished components comprising the V/STOLAND sys-
tem, and their signal flow relationships, are shown in Figure 4-1. The cockpit

equipment used or viewed by the pilot is cunfigured as shown in Figure 4-2, and
includes: : .

e Flight Mode Annunciator (FMA)

o Mode Select Panel (MSP)

e Data Entry Display (DED)

e Data Entry Keyboard (DEK)

e Attitude Director Indicator, Sperry HZ-6F (ADI)

e Horizontal Situation Indicator, Sperry RD-202 (HSI)
e Multifunction Display (MFD)

e Miscellaneous Controls and Indicators

Other equipment is mounted in a flight rack in the cargo compartment as shown in
) Figures 4-3 through 4-5. This equipment includes:

e

e Basic Computer
@ Research Computer
e Data Adapter

¢ Inertial Sensors
)

(]

]

b S0

| Air Data Sensors %
Navigation Sensors 3
Instrumentation System (DDAS) !
Appendix A contains a complete 1ist of system components. i
H
§
4,2 THE AIRCRAFT SCAS AND FFS INTERFACES :
i
, The V/STOLAND Autopilot operates through the aircraft Force-Feel System 3
(FFS), and only with the SCAS engaged. A schematic illustration of the mechan- g
ical controls is given in Figure 4-6. Figures 4-7 and 4-8 are block diagrams of g
the XV-15 flight control system, showing all pilot and autopilot inputs, and all g
controlled outputs. %
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Block diagrams for the pitch, roll, and yaw FFS systems are given in
Figures 4-9 through 4-11, which include equations for the scheduled gains as
functions of airspeed. Table 4-1 summarizes the FFS characteristics. Block
diagrams for the pitch, roll, and yaw SCAS systems are given in Figures 4-12
through 4-14,

TABLE 4-1
SUMMARY OF FORCE-FEEL SYSTEM CHARACTERISTICS**

FFS Gradient Mechanical Primary
Range* Spring Grad. Control Trim Rate*
(pounds (pounds Servo Travel (inches per
Axis per inch) per inch) Authority | (inches) secondg
Pitch 2 to 20 11.25 $15.75 +4.8 dto .5
Roll 1tob 3.4 4.8 4.8 ol t0 S5
Yaw 7 tO 56 - t45.0 tz-s ll tO .5
*Airspeed range (0 to 300 kts)
**Referred to top of stick

The following paragraphs describe the major hardware elements of the
V/STOLAND system.

4.3 THE 18198 COMPUTERS

The 18198 computer is a general-purpose, 18-bit digital computer designed
expressly for airborne real-time avionics and flight control use. The two such

computers supplied with the V/STOLAND system are identical and interchangeable.

An ARINC long, one-half ATR case with two dual 106-pin connectors at the
rear is used to package the basic 18198 Computer as illustrated in Figure 4-15.
A plenum chamber under the computer supplies forced-air cooling; exhausted air
is vented throun the front panel housing. Interconnection for the control panel
illustrated in Figure 4-16 is made through a front-mounted circular connector
that is accessible when the computer is mounted in the in-service configuration.
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Also located on the front housing are a faiiure indicator to indicate the
status of the computer after conducting a built-in test, and a run-time meter to
maintain a chronological record of the computer usage. A chassis grounding
point is provided on the front for attachment of a bonding strap.

A1l removable components are securely mounted to eliminate vibration.
Printed Wiring Boards (PWBs) are held by card guides at each end, and are
secured by the top cover. These cards plug into a wire-wrapped PWB at the
bottom of the chassis. This same PWB contains all memory and power supply
interconnections. The top and bottom covers are secured with cross-head screws
that are easily removed for service.

The electronics for the CPU and the I/0 are contained on six 6-1/2 inch by
10 inch, ten-layer printed wiring boards as illustrated in Figure 4-17. The
functions of the six cards are:

(1) CPU microprogram controller and associated circuitry
(2) Central processing unit

(3) Bus control, panel interface, 1K semiconductor ROM, power sequence,
and system clocks

(4) 1/0 microprogram controller

(5),(6) Identical PWBs containing the odd and even numbered I/0 channel
controls with channel-oriented circuitry.

Both boards (5) and (6) must be installed to allow 36-bit I/0 data trans-
fers. Each board is keyed to prevent installation in the incorrect position.
The Power Supply Unit, also illustrated in Figure 4-17, converts primary air-
craft power to regulated dc voltages of +15 volts, +5 volts, and -12 volts.

The memory module is an Electronic Memories SEMS-9 planar memory system
confiqured for 16,384 18-bit words of magnetic core storage. The memory system
has an access time of 420 nanoseconds and a full cycle time of 1.2 microseconds.
A coincident-current (3D), three-wire organization is used in the memory. The
maximum power required is 54 watts, with nominal power dissipation of 42 watts
in a "half-zero" pattern at 50 percent duty cycle.

4-19




Three semiconductor read-only memories are used in the computer for trans- {
fer and control of data and instructions. Within the main memory, a 1024 by
18-bit ROM is used for macrcinstructions which typically include bootstraps,
loaders, and self-test programs. The Central Procesor Unit (CPU) employs a 512
by 52-bit ROM for microinstructions. A 256 by 40-bit ROM contains the I/0 sec-
tion microinstructions. {

The 18198 control panel allows the programmer or maintenance operator full
access to the CPU and I/0 registers and memory. This panel is configured to
allow display of all I/0 active states, pertinent information about the status
of the 1/0 and processor, and also allows setting the sense and stop keys.

Using this panel, a programmer may examine, load, and control all CPU states and
control execution of any program.

Table 4-2 summarizes the principal characteristins of the 18198 computer.

TABLE 4-2
18198 CHARACTERISTICS

Parameter Characteristic

Word Length 18 bits (full set of 36-bit data instructions and 36-bit
1/0).

Instruction Set 150 instructions including 1/0.
Arithmetic Parallel, binary, fixed point, one's complement.

Memory 16,384 18-bit words of core memory, expandable in
16,384-word increments to 65,536 words. 512 18-bit
words of semiconductor read-only memory expandable to
1024 words.

Registers Two 18-bit accumulators which may be linked to form a
36-bit accumulator. Eight 18-bit index registers that
have limited accumulator functions.

Addressing Page size of 4096 words for direct addressing; 65,536
words for indirect addressing.




TABLE 4-2 (cont)
18198 CHARACTERISTICS

Parameter Characteristic
Typical ® Register-tc-Register Addition - 1.6 microseconds
Execution
Speeds o Memory-t--Register Addition - 2.4 microseconds

Operating Speed

Irput/Output
and Contiol

Real-Time Clock

Interrupts

o Double Precision Memory-to-Register Addition - 4.8
microseconds

o Memory times register multiplication - 7.4
microseconds

100 nanoseccnd microcycle time; 1.2 microsecond memory
cycle time.

¢ 8 independent 1/0 channels
e 417 kHz I/0 transfer rate
e External, maskable interrupts, 1 per I/0 channel

e Internal buffer termination interrupts, 1 for input
and 1 for output on each channel

e 18 or 36 bits available on each channel

e Data transfer without interrupting processor

o Entire [/0 remov*:’~ in 4-channel increments
Automatic internal clock generates 1000 counts per sec-
ond - accurate to 1 count in 10 seconds. Interrygt rate
under software control can be varied from 1 to 2

counts in one count increments.

o Power fail

e Fault

e Juverflow

o Real-Time Clock

e 8 External

e 8 Input buffer termination

e 8 Qutput buffer termination
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TABLE 4-2 (cont)
18198 CHARACTERISTICS

Parameter Characteristic
Interrupt Each interrupt has assigned priority, and all but power
Priority fail and fault may be masked out.
Input Power 200 V line-to-line, 3-phase, 400-Hz per MIL-STD-704 for
Category B equipment. 150 watts nominal
Temperature e Operating - Normal Operating - 100°F; Severe Operat-
: {2 .; 130°F; Intermittent, 30 minutes -

e Storage - -50°F to 185°F

e Thermal Control - Direct forced-air cooling (1.76
pounds per minute)

Environmental | o Altitude - 20,000 feet
(MIL-E-5400
Class 2) e Vibration - 10 - 40 Hz: +6 dB/octave; 40 - 250 Hz;

' 0262 Hz; 250 - 2000 Hz; -3 dB/octave

¢ Shock ~ 69 - 3 shocks along 6 directions; crash
safety: 15g

o Humidity - Category A, 48 hours
o EMI - Per MIL-STD-467A

Dimensions 4,9 in. X 7.6 in X 19.5 in (124mm X 194mm X 495mm) (halq
ATR long)
Weight 25 pounds (11.5 Kg) I

4.4 THE DATA ADAPTER

The Data Adapter, illustrated in Figure 4-18, is a multipurpose unit that
provides interfacing between the Basic digital computer and the other airborne
equipment. It controls the information transfer between the different sub-
systems, sensors, displays, and the computer, and also prevides the necessary
signal conditioning for all associated equipment. The interface between the
computer and the Data Adapter is a fast, parallel, Direct Memory Access (DMA)
transmission system. The Data Adapter provides multiplexed A/D, D/A and
digitai-to-digital conversions, and lends itself functionally to division intc
six subsystems, as illustrated in the functional block diagram in Figure 4-19.
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These subsystems are completely independent and operate asynchronously, using a
common power supply and clock. The six subsystems are:

e analog input channel
e discrete input channel
e analog output channel

e discrete output channel
e digital input channel
e digital output channel

Data is transferred between the Data Adapter and the digital computer via
the digital computer Direct Memory Access bus. Use of DMA reduces both the
software overhead required for transferring data and the number of interconnect-
ing lines as compared to an I/0 channel type of interface. All data transfers
are initiated by the Data Adapter and require no software in the digital com-
puter to complete the transfer. However, the Data Adapter may be configured so
that the computer can control the start of most of the different data inter-
faces. Table 4-3 summarizes the [/0 types, word counts, and address assignments
of Data Adapter DMA.

TABLE 4-3
DATA ADAPTER DMA I/0 SUMMARY
No. Words
Address Area
1/0 Type Available Used (octal)
Status Word 1 1 4000
Digital Inputs 511 51 4001 - 4777
Digital Outputs 512 444 5000 - 5777
Analog Inputs 256 64 6000 - 6377
Analog Outputs 64 26 6400 - 6477
Discrete Inputs 144* 107* 6500 - 6517
Discrete Outputs i 64* 6520 - 6537
*bits (18 bits per word available)
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Internally the Data Adapter is organized around a central bus structure.
This configuration allows the six major interface subsystems to move data to and
from the bus interface and bus control section with a minimum amount of hardware
(see Figure 4-19). Each major subsystem has a separate control unit (except for
the discrete inputs and outputs which share a control unit) which controls the
data flow to/from its section in response to commands from the bus interface and
bus control section. The control units may be set up to operate in a continuous
mode, or they may be set up to cycle through their complete set of inputs/
outputs only upon command from the computer. Each control unit is assigned a
priority for the purpose of resolving the conflict that occurs when more than
one device requests use of the internal bus at the same time.

4.4,1 DMA Interface

The DMA interface section of the Data Adapter is implemented on two
boards and performs the following functions:

e Priority Decoding - Resolves contention problems between up to six
requesting devices. In order of priority, they are:

Digital Input Request (highest priority)
Digital Output Request

Analog Input Request

Analog Output Request

Discrete Input/Output Request

Status Request

e Status Monitoring - Up to six inputs may be monitored for changes. If
any one of the six changes state, a status request is generated. When
the priority decoder honors this request, the current status informa-
tion is sent to the digital computer as an 18-bit word with the lower 6
bits containing status data. The inputs of the status monitor are the
busy signals from the major interface subsystems.

o Address Generation - The memory location accessed for a data transfer
by the Data Adapter is selected by an 18-bit address that is formed by
the Bus Control and Bus Interface unit and the requesting interface
unit control. Bits 9 through 17 are generated by the Bus Control and
Bus Interface unit, with the lower bits supplied by the control units.
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e Data Transfer - Transfers data at rates up to the i aximum DMA rate of
one 18-bit word every 1.2 microseconds, which is the core memory cycle
time. The actual data rate will depend on the data transfer rate
between the Data Adapter and its input/output devices.

Bus Control - Figure 4-20 is a block diagram of the Bus Control section.
When the power is first applied to the Bus Control board, the input to the
Power-On Clear (POC) circuit clears memory type devices. A special signal
(BICLR), generated by the POC circuitry, also clears memory elements on the Bus
Interface board. The Bus Control board contains a 5 MHz clock (RCLK) for the
Bus Control circuitry. The clock circuit also provides an 833 kHz clock for the
A/D circuits and the digital multiplexer.

The Bus Control board also contains three decoders. The Data Request
priority decoder determines the priority of the requests from the different data
interface subsystems of the Data Adapter. The second decoder (Status Change
Detector) detects when a change in status of the device busy lines occurs, such
as Digital Input Busy (DIGIBZY, etc). The third decoder is a priority decoder
which determines which request is honored when both a Status Request (SREQ) and
a Data Request (DREQ) are active.

Finally, the Bus Control also contains an address encoder to reduce the
number of signal connections to the Bus Interface.

Figure 4-21 shows the Bus Interface block diagram. This section of the
Data Adapter transfers data to and from the computer under the control of the
Bus Control board and the computer. Data transfers require both an address and
data for a write operation, or an address only for a read operation. The
address and data are muitiplexed on the DMA bus under control of the computer.
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4.4.2 Discrete Input/Output

The Discrete Input and Discrete Output sections share a common control
unit which is shown in the block diagram of Figure 4-22. Thus, for every
discrete input word transferred, one discrete output word will be transferred.
A tri-state buffer is used to drive the address bus. The discrete inputs are
organized so that one board has 48 inputs which are broken up into eight groups
or words of six inputs each (see Figure 4-23). Thus, when the discrete inputs
are active, one board will have six inputs enabled to drive six bits of the DA
internal data bus and, in turn, six bits of the DMA bus. The Data Adapter
provides 144 discrete inputs. Up to six boards may be used with the control
unit to provide a maximum of 288 inputs. The input devices are tri-state CMOS
buffers with resistive dividers on their inputs. By changing the value of the
resistors and the voltage to which the resistors are returned, almost any type
of discrete input voltage level may be accommodated.

The discrete outputs are organized so that one board contains 36 outputs
divided into groups of three which have a common input power pin as shown in
Figure 4-24. Four of the 36 discretes are sink-type discretes, and 32 are
source discretes. The Data Adapter provides 72 discrete outputs (2 cards), with
the capability for expansion to 288.

4.4.3 Analog Input

The analog input provides all of the control functions and signal condi-
tioning necessary to convert a variety of ac and dc analog signals into a binary
format suitable for transfer into the digital computer.

The analog input subsystem is made up of three standard board types plus
special conditioner boards that are required to meet the signal conditioning re-
quirements of the system. The three standard boards are: A/D Control, A/D Con-
verter, and Analog Input Multiplexer. The A/D control board provides the logic
to control the A/D converter and up to eight analog input multiplexer boards. A
single analog-to-digital converter is used with the analog input multiplexers to
form a multi-input A/D.

4-30




DISSADR 4 e - i
DISSADR J i SITCNTR Saia e WO-7E/WB-15E
DISSADR 2 i .. A 0ISCRETE -— W
DISSADR | o cLOCK CONTROL e—— DISIEN
® DISDEN al— DISOSTRS
-l fa@—— DISOEN
T _I
RAROWIAED T0 g e tisiens
DISCRETE 1/0 BASE
ADDRESS \ g .- = (ISIEND
& 0IS0REQ
|| 11 vl ' -

TRISTATE
BUFFER

ABUS?
 Asuss ABUSA

rARAR)

ABus2

P4

—
i ———
Lse

ARUSO »

~~
ADDRESS Bus

10F8
AND 8 OF 16
DECODER

Tl e

O .

WORD SELECT LINES

Figure 4-22

Input/Output Discrete Control Block Diagram




DISIEN WOE0 WIE DISCRETE INPUTS

P —

PR ticn o v v ]

INPUT CONDITIONER

| > TRISTATE e TRISTATE

BUFFERNOD.B BUFFERNO.1

- LVLSTRPAD
LVLSTRPR
LVLSTRPRS

‘L LVLSTRPAJ

| L

TRISTATE
1 SUFFER

JHH

RAL S 2 )

Figure 4-23
Input Discrete Conditioner/Multiplexer Block Diagram




PWRO
PRI —_ l
L ]
PWRS U
o sonaL | souncte
——o CONDITIONER |——g= SOURCE |
—] M soumce:
.
sonaL [ soumces
CONDITIONER [ SOURCE &
", e Nt L soURCES
108017 ’ 7 > S e
[ ]
®
—— o
" sonaL [ soumce1s
CONDITIONER [—— SOURCE 18
e
PoC T—. — NO.§ SOURCE 17
WXEA —
WXED —  cLocK
DISOSTRS _o»  CONTROL
WO.76/Wi-15€ —
L" = SIGNAL [ SOURCE 1
®>1 CONDITIONER |j———t= SOURCE 18
wﬁ
e SOURCE 20
DATA .
LATCH .
ﬁ .
- SINK D
o SIGNAL
gl CONDITIONER i S
NONT e SINK 2
——— — SINK ]
PWRE .
L ]
PWR10 2 s

Figure 4-24

Discrete Qutput Source Block Diagram

4-33




r —— - —— S — PR —
P

|
4

The A/D converter, shown in Figure 4-25, is used in conjunction with the
analog input multiplexer and the A/D control to convert a selected analog input
voltage to a digital data word. It contains an eight-input multiplexer for
selecting one of eight analog input multiplexer board outputs, a successive
approximation analog-to-digital converter, and a tri-state buffer for placing
the digital output data from the analog-to-digital converter on the data bus.

The A/D converter has a resolution of 12 bits, a full-scale range of
+10.235 volts, and produces 18-bit one's-complement binary output code at a
conversion time of 32.4 microseconds.

The A/D control board (Figure 4-26) generates all of the necessary con-
trol signals required by the A/D zonverter and the A/D multiplexer. Addressing
capability for up to 256 analog inputs is provided. The analog inputs are
addressed sequentially from the starting address (set by eight input straps)
through the complete address which is also set by input straps. The control
signals necessary for the SAR are generated by the A/D control board, as are the
bus control board interface signals.

The analog input multiplexer board is used in conjunction with the A/D
control and A/D converter to select the analog input to be converted by the A/D
converter. The Analog Multiplexer contains 17 buffer amplifiers for use as gain
blocks and differential to single-ended signal conversion. A 32-input multi-
plexer selects one of the 17 buffered inputs or one of 15 single-ended non-
buffered inputs for conversion. Figure 4-27 shows the analog input multiplexer
block diagram.

4,4,4 Analog Output

Three board types are used in the analog output section (Figure 4-28).
64 words total in 18198 memory are reserved for the dc and ac outputs.

The function of the analog output control board is to convert 12-bit
one's complement numbers retrieved from computer memory into corresponding
analog voltages (1 LSB = 5 millivolts). The conversion of the digital data into
analog voltages is done by a multiplexirg scheme which selects the dc output
storage (sample/hold) device for which each output is intended. A second
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function of the analog output control board provides digital (rather than
analog) information for up to 16 ac output devices using the same multiplexing
scheme. The total number of dc and ac outputs which can be serviced is 64.

The analog output section converts up to 64 words in 12 bit one's comple-
ment form (1 LSB = 5 millivolts for dc outputs; 1 LSB = 5.77 millivolt rms for
ac outputs). The update period is the number of devices times 160 microseconds,
so the 26 devices require 4.16 milliseconds update time. The output voltage
range is *+10.235 volts, with slew rate of .5 volt per microsecond and output
current of +' milliampere. A 25 millivolt error is typical, with 40 millivolts
maximum. < resolution is 5 millivolts.

Each dc outputs board (Figure 4-29) contains a decoder which has its
inputs wired to the proper address lines from the analog output control board.
The decoder enables the proper sample/hold during the sample period of the
sample/hold update cycle. Each sample/hold is connected to the output of the
DAC on the control board so that when placed in the sample mode, the sample/hold
will acquire the current value of the DAC output. Each dc outputs board con-
tains 16 sample/holds, 16 sample/hold capacitors, and an address decoder. Up to
feour dc outputs boards may be controlled by the analog output control board.

The dc output is accurate to 5 millivolts error typical, 15 millivolts
maximum for a 5 millisecond period (no scaling). The output voltage is +10.235
volts full scale, with +5 milliamperes maximum output current.

400-Hz ac outputs are provided for driving synchros. These outputs may
be varied in amplitude and phase (either 0 or 180 degrees with respect to the
reference) by the digital data that is also used to drive the DAC on the analog
output control board. The decoded address from the control board is used to
latch the digital data in the latches on the ac outputs board. Each of the five
outputs on each ac outputs board (Figure 4-30) has a common 400-Hz reference
driving a 10-bit multiplying DAC which in turn drives a power amplifier. The 10
bits used are the upper 10 bits of the 12-bit one's complement data sent to the
analog output control. The ac outputs are short-circuit protected for shorts to
ground.
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The output voltage is adjustable from O to 11.8 vrms, O or 180 degrees,
with short-circuit output current of 35 milliamperes rms minimum, 55 milli-
amperes rms maximum.

4.4.,5 Digital Input/Qutput

The digital input and digital output subsystems consist of two multi-
plexers, one for the inputs and one for the outputs, plus up to 16 input and 16
output "devices." Each multiplexer scans the 16 devices connected to it until
it finds a device that needs service. The multiplexer then stops and allows the
input or output device to transfer up to 32 words of data to/from the DA buses
under control of the bus control board. When the data transfers are complete,
the multiplexer again scans the input/output devices.

There are digital inputs for six types of devices:

e Time Code Generator ® ARINC 2-Wire Receiver
e TACAN o ARINC 6-Wire Receiver
e Static Pressure Transducer e Inertial Navigation System

The time-code generator interface (Figure 4-31) is a special digital
input board for the Datametrics Model SP-375 Airborne Synchronized Generator
(referred to as the TCG). The interface receives tYree signals from the TCG:

e Serial DC Code IRIG-B - A pulse train containing the time information

(seconds, minutes, hours, and days) in the format specified by IRIG
standard format B.

¢ Modulated Code - The serial dc code IRIG-B amplitude modulated on a

1-kHz sine signal.

e 1PPS - A one-per-second pulse train synchronized to witnin 100 micro-
seconds of the pulse PR occurring in the serial dc code IRIG-B.
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The interface board uses a shift register to store days, hours, minutes,
and seconds information obtained from the dc code. Milliseconds information is
obtained from a counter which counts the positive-going zero crossovers of the
modulated code. 1PPS is used to reset the milliseconds counter and to increment
the time bv 1 second.

Three words of time data are transmitted to the 1819B every millisecond.
Time information in the 18198 will agree with the code from the TCG to within an
accuracy of one millisecond. The leap-year straps should be wired correctly if
days information is critical at 23:59:59 on day 365 or day 366. January 1 is
considered Day 1. Valid time information will be sent to the 1819B, starting
1.5 seconds after application of system power.

The TACAN Interface (Figure 4-32) is a special digital input board for
the Hoffman Navigation Set, TACAN AN/ARN-103( ) (referred to as the TACAN). The
output from the TACAN consists of three 14-bit words containing range, bearing,
and control information, respectively. One of these three words is transmitted
in serial form to the interface when the interface generates the proper code on
the two TACAN data request lines (TACDRA/TACDRB). The interface also generates
the 1 MHz TACAN Input Shift Clock (TACISC) which the TACAN uses to properly
synchronize the serial transmission of the data word.

The Static Pressure Transducer interface is a frequency-to-digital con-
verter (Figure 4-33). The Static Pressure iransducer generates a squarewave
with frequency a function of the barometric pressure. Conversion of the sensor
frequency is done by counting the number of clock pulses (generated by a highly
accurate 5-MHz clock) which occur during 100 periods of the squarewave. This
number, called the PS count, is related to the sensor frequency by the equation

5 x 108
Sensor Frequency

PS count =

The sensor period varies from 320 to 420 microseconds (between 0 and 20,000
feet) so the PS count typically will vary from 160,000 to 210,000. This data is
converted to barometric altitude by computer programming.
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Figure 4-33
F/D Converter Block Diagram
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The digital ARINC 2-wire receiver interfaces with a VOR receiver or an
MLS receiver and digital multiplexer of the data adapter. The input signals
from the VOR or MLS units are received serially and transferred to the multi-
plexer in parallel. The VOR transmits one 32-bit word which is stored as two
13-bit words in the 18198 memory. The receiver is sectioned into nine parts as
shown in the block diagram, Figure 4-34,

The ARINC 6-wire receivers interface with INS, DME, and the digital
multiplexer of the data adapter. The data received is a serial 32-bit data
format at bit rates from 7.5 kHz to 14.5 kHz. The receiver components are shown
in Figure 4-35,

The Inertial Navigation System Delta V Interface (INS Delta V) is a
special digital input board (Figure 4-36) for the 125 Electionic Interface Unit
(EIU). The output of the EIU consists of three 12-bit two's complement numbers
(words) containing acceleration data in the X, Y and Z axes, respectively.

These three words (36 bits) are transmitted in parallel form to the interface
when the INS Interrupt (INSINT) line becomes active. INSINT is triggered by the
Initiate (INIT) line from the bus control; INIT, in turn, is controlled by the
software. An INIT pulse should occur every 50 milliseconds, although none of
the control circuitry depends on that rate.

There are two types of digital outputs: the Instrumentation Output and
the Split-Phase Bipolar Transmitter. 512 words total are reserved for them in
computer memory.

The Instrumentation Output (Figure 4-37) is a special digital output
board which interfaces with the Remote Multiplexer Demultiplexer Unit (RMDU).
Each time the RMDU pulses its REQUEST line, the Instrumentation Output board
generates a digital output request to the bus controller in the data adapter.
Within 50 microseconds the request is serviced and 16 bits of data 2re latched
and transmitted in parallel form to the RMDU. An 8-bit word counter provides
the address of the word pulled from memory; this means that up to 256 different
words can be transmitted to the RMDU.
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The Split-Phase Bipolar Transmitter board is a general purpose board
which interfaces with any device which can accept Split-Phase Bipolar (SPBP)
data. During each update cycle, (delineated by an INIT pulse from the bus
controller), the transmitter transmits up to 128 32-bit words in SPBP serial
form (see Figures 4-38 and 4-39). The exact number of words transmitted is
determined by straps on the wire-wrap plate, and is limited by the input clock
frequency and the rumber of words being used by other digital output devices.

A transmission cycle starts when the board requests a double word dig:.al
output transfer from the bus control. (See Figure 4-40.) The two words (whose
addresses in 18198 memory are determined by an 8-bit word counter) are loaded in
two 16-bit shift registers. The 32 bits are then transmitted serially in the
format shown in Figure 4-38. Two double-width one's are transmitted in front of
each word, and bit 32 is determined by an odd parity generator located on the
board. After all 32 bits are transmitted, the word counter increments and the
board requests that two new words be loaded into the shift registers. This
cycle continues until the word counter equals the end address strapped on the
backplane. At that time the board goes into a do-nothing state, waiting for an
INIT pulse to start another update cycle.

The normal SPBP transmission rate is 50K bits per second. At this rate,
64 32-bit woras can be transmitted during a 50 millisecond update cycle. By
doubling the ingut clock frequency, the transmitter is capable of transmitting
128 32-bit words at a 100K bits-per-second transmission rate.

4.,4,6 Special Circuits

Several special circuits are provided to handle special interface
requirements of the data adapter. ¢

Six single-pole, low-pass filters are provided with 10 rad/s (1.59 Hz}
break frequency. They are used to inhibit frequency aliasing on analog sensor
inputs.
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Accelerometer Self-Test circuit is provided. The current generator uses
an isolated low-voltage ac source to generate an isolated dc current. This
current is switched by a relay network to apply the current to one of three
accelerometer self-test ports.

An ac demodulator board provides eight separate demodulators plus four
references for ac input signals. The demodulators are the sampling type, which
eliminates ac output ripple under steady-state conditions.

The system logic board provides servo engage logic to engage the various
servos and servo interfaces on the XV-15. Maximum versatility is achieved by
using a combination of hardware and software interlocking. It also provides
logic that drives the pilot and copilot warning lights. V/STOLAND WARNING
lights annunciate servo-related failures while in RES or AUTO mode, and
software-detected failures anytime. Failures are stored in a flip-flop until
reset by the pilot or copilot by pressing either V/STOLAND WARNING 1ight
assembly or by depressing either V/STOLAND CISCONNECT switch.

Flap-select and power-lever interface circuitry drives the valves and
solenoids associated with the power lever. A monitor circuit supplies a valid
signal to the engage logic as long as the power lever is positioned within the
proper limits, Also a flap-select switch interface provides the drive for the
flap-selector mechanism motor and clutch solenoid. Four discrete outputs pro-
vide software control of flap position through the flap-select switch interface,
The software commands are compared with the output of the flap-selector mecha-
nism status switch to generate up and down commands to the motor drive relays.

Buffering of the dc outputs is provided for driving the Force-Feel System
(FFS). These buffers generate a pseudo differential output from a single-ended
output, and are necessary because the FFS analog inputs are single-ended.

The data adapter power supply operates from a +28-volt dc input and pro-
vides regulated +5 volts dc, +15 volts dc and -15 volts dc. Also provided are

+28 volts dc and -28 volts dc unregulated. Power supply ratings are summarized
in Table 4-4, and Figure 4-41 shows the data adapter power supply modules.

o :‘L

4-56




i J

v
¢
h
i
[
‘

~15V0CO SA i

+15VOC O SA <

~28VOC @ A

A VOCOIA ~=——{Pm

+5 VDC @ 252,

+20VOC @ 3A

({8

cTL2
e

W
FILTER

7Ty

Figure 4-41

Power Supply Block Diagram

PO PPV WY

4-57

28voe
‘;‘,‘;,’T‘c':‘f:"’ SWITCHING A.C. UNREGULATED
PREAEGULATOR GENERATOR ouTPuT
REGULATOR NODULE
DUAL 18 VOC
REGULATED
ouTPUT
MOOULE
#voc
’g{":”?:: SWITCHING ac UNREGULATED
= ouTPuT
K PREREGULATOR GENERATOR outeut
5 VoC
REGULATED
ouTPUT
MODULE

7157848

i . ———— o 1 ot bk e o e A




TABLE 4-4
POWER SUPPLY RATINGS

Nominal Max 1mum

Current Current Regulation Rippie

(amperes) (amperes) (percent) (miNivolts)
+5 V dc 2.5 3.0 43 S0
+15 V de S 1.0 3 50

428V de 3 1.5 +10 100

=28 V dc 3 1.5 +10 100
28 V d¢ 3.0 10.0
Input Power

A power supply monitor section monitors each output voltage from the
power supply and sets its output if any of these voltages exceed a preset devia-
tion from nominal. Input aircraft power is also monitored and used to inhibit
the setting of the BITE indicator if the input power is out of limits, A
crowbar driver circuit provides the gate drive to a Silicon Controlled Rectifier
(SCR) across each power supply output. In the event of the failure of one out-
put, all outputs are shorted to ground by the SCRs. A power conditioner circuit
supplies power to the power supply monitor and also maintains power long enough
after aircraft power is removed to ensure proper circuit operation.

4.5 THE MODE SELECT PANEL

The Mode Select Panel (MSP), illustrated in Figure 4-42, is the primary
control panel for engaging V/STOLAND modes. Except for the A/P ENG switch in
the lower left corner, which is hardwired to enable/disable the autopilot inputs
to the aircraft force-feel system, and the dim control in the Yower right
corner, all switches interface directly to the Basic computer so that their
functions are completely under software control. The A/P ENG toggle switch is
solenoid-latched, and is disengaged by software as well as by the hardwired
monitoring logic. The five identical rotary switches have five positions, with
spring return to the center position, and are programmed to provide slow and
fast slew rates in each direction for the associated references.
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The MSP allows the pilot to engage the autopilot and/or €1ight director &nd
to select the aircraft flight mode. In addition, the MSP {s used to control the
m O display and the navigation source modes. The i1lluminated segments of the
pushbuttons and the alphanumeric displays indicate the state of the V/STOLAND
system. The illuminated pushbuttons indicate what flight modes are being armed,
selected, held, or engaged, as well as the mode and scale of the MFD display and
what navigation sources are providing valid data to the navigation computation.
Since the operation of the MSP is primarily determined by software, the descrip-
tion of its operation is contained in Section V, "Description of System
Software."

A block diagram of the Mode Select Panel is shown in Figures 4-43 and 4-44.
A general overview of Figure 4-43 shows the basic scheme for receiving, decoding
and routing input data to the proper storage/display device for annunciation.
Figure 4-44 gives the basic layout for the internal power supply ant unlighted
switches.

The MSP electronics are contained on four plug-in circuit cards, using
mostly CMOS logic for low power dissipation. The cards contain the following
functions:

Al - Receiver Logic and Decimal Data Storage/Drivers
A2 - ALT, FPA Numeric Display Storage/Drivers

A3 - Switch Lights Storage/Drivers

A4 - IAS, HDG, CRS Numeric Display Storage/Drivers

Basfcally, the MSP electronics drive the ALT, FPA, 1AS, HDG and CRS lighted
numerics and panel switch lights in response to information received via the
SPBP input lines, Sixty decimal data lines (6 sets of 10 each) are aiso driven
in response t. serial input words. The decimal data lines can be used for
driving external indicators,
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4.6 THE MULTIFUNCTION DISPLAY

The Multifunction Display (MFD) system is composed of the MFD Display Unit
illustrated in Figure 4-45 and the MFD Symboi Generator illustrated in Figure
4-46, This system is capable of a broad range of graphic and alphanumeric dis-
plays, but is specifically intended and programmed (in the Basic computer) to
provide mainly horizontal situation information. The stroke-written MFD Display
Unit displays a map based on a data stream from the Basic computer (or from the
Research computer if the Research MFD mode is selected) to the MFD Symbol Gen-
erator. The Symbol Generator decodes and transforms this data, representing
lines, alphanumeric characters, map symbols, aircraft position and heading, etc,
to x-y deflection and video signals for the MFD Display Unit.

Under control of the supplied MFD software, the MFD screen displays an air-
craft symbol on a topographical map. The position of the aircraft symbol on
this map shows the horizontal situation of the aircraft with respect to the
topographical features. In addition, the MFD displays future track, past track,
waypoint, course vector, sea altitude, time of day, heading, navaid course line,
MLS localizer, and tcpographical and navigational data. The MFD map display may
be shown in two formats (heading-up cr north-up), and in three scales (5, 1.5,
and .5 nautical miles per inch). Also, the map may be slewed to convenient
viewing positions, ad a map warning light annunciates the presence of invalid
data.

The MFD map covers an area of 10,000 square nautical miles as shown in
Figure 4-47, The center of this map is approximately 15 nautical miles west of
Crow's Landing, California, An MFD display in the heading-up format is shown in
Figure 4-48,
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When the V/STOLAND system is initially powered, the MFD 1s initialized in
the north-up display mode, at 5 nautical mile/inch scale and with the map window
centered near the Crow's Landing airport. The MFD map fs composed of distinc-
tive symbols for navaids, airports, restricted areas, mountains, and other
obstacles. The symbology used is as follows:

MAP FEATURE SYMSOL MAP FEATURE SYMBOL
VOATAC Nod WATER TANK AKD NEIGHTY QO wm
vOR '®) ATSTAICTED AREA
omE \Va LANDING SITE SYMBOL CROWS LND
WAYPOINT + TACAN CHANNEL 29NRC CMAN JSNRC
MOUNTAIN ﬂ RUNWAY ELEVATION ELEV 140

714.28-268

In addition to the map display, the MFD also shows several other types of
data via other types of displays as described in the subsections which immedi-
ately follow. A sample of such a display is shown in Figure 4-48, and the
following paragraphs describe the features.

o Afrcraft Symbol - The aircraft symbol is displayed on the MFD as an
isosceles triangle pointing in the direction of the aircraft heading. This
symbol appears continuously (non-flashing) when there is a valid navigation data
source (TACNAV, VOR, or MLS) from which the aircraft position may be computed.
The symbol flashes when the V/STOLAND navigation computations go tc the
dead-reckoning mode as a result of a loss of valid navigation data. When no
valid navigation data is available and the dead-reckoning period is exhausted,
the aircraft symbol is not displayed. In the nortn-up map mode, the aircraft
symbol moves relative to a map fixed with respect to the MFD CRT screen. In the
heading-up mode, the aircraft symbol is stationary, pointing up on the MFD CRT
screen, and the MFD map rotates and translates.

o Track Predictor - The track predictor consists of two-line segments that
appear in front of the aircraft symbol, indicating the predicted horizontal
flight path for the next 40 seconds. The length of, and space between, each
segment indicates 10 seconds. The prediction is based on the current rate of
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turn and aircraft velocity. The track predictor is displayed whenever the

keyboard mnemonic MTK is set non-zero: otherwise, this display will not bde
shown. Upon system power-up, this display is enabled.

¢ Track History - A series of dots tracking previous positions of the air-
craft symbol on the MFD represent the aircraft flight-path history for the imme-
diate past 90 seconds. Each dot represents the aircraft position at 10-second
intervals, The track-history dots are displayed whenever the keyboard mnemonic
MHI is set non-zero: otherwise, this display will not be shown. Upon system
power-up this display is enabled.

o Course Vector - In the heading-up mode only, the direction of the air-
craft course is displayed by a straigiit ine emanating from the aircraft and
intersecting one of the screen boundaries. The course vector display is shown
in the MFD heading-up display mode only whenever the keyboard mnemonic MCV is
set non-zero: otherwise, this display will not be shown. Upon system power-up,
the MCV mnemonic will be set to zero, thereby disabling this display.

o Sea-Leve! Referenced Altitude - The aircraft altitude referenced to sea
level and resolved to the nearest 10 feet is displayed in the upper left corner
of the MFD screen, This display is unaffectad by scale, slew, or mode of

display selections.,

¢ Time of Day - Real time in hours, minutes, and seconds, derived from the
time-code generator aboard the aircraft, is displayed in the upper right corner
of the MFD screen., This display is unaffected by scale, slew, or mode of
display selections.

¢ Heading Tape - In the heading-up mode only, the heading tape is displayea
across the top of the MFD display, centered on and extending to 50 degrees
either side of the current heading. The tape is marked in S-degree increments,
with 2-digit heading numbers at every 30-degree increment. This display is
unaffected by scale or slew changes.

¢ Heading - In the heading-up mode only, the aircraft heading is displayed

as a three-digit number in a window at the top center of the MFD display. This
display is unaffected by the scale or slew changes.
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o Heading Select Bug - In the heading-up mode only, a heading select bug
tracks the heading reference in exactly the same manner as described for the
operation of the heading-select cursor on the HSI. It is displayed slightly
below the heading tape if the selected heading reference is within #50 degrees
of the current heading. The heading select bug display is unaffected by scale
or slew changes.

o Reference Flight Path - If the reference flight path or helix land
(LAND-2) course modes are armed or engaged, the reference flight path will be
shown on the MFD, Figure 4-49 shows the reference flight path and helix land
displays. The reference flight path consists of four waypoints: two straight-
line segments, and two semicircular segments forming a closed loop. The refer-
ence flight-path loop is positioned so that the straight-line segment between
Waypoints 3 and 4 coincides with the center 1ine of Crow's Landing Runway 35.

o Next Waypoint Data - When the reference flight-path course mode is armed
or engaged and the keyboard mnemonic MFP is set non-zero, the next waypoint
number and its altitude (above sea level) will be displayed in the lower left
corner of the MFD in the following format.

WPN = X
ALT = XXXX

As the aircraft passes the currently displayed waypoint on the reference flight
path, the next waypoint number and its altitude are displayed. The next way-
point data display may be deleted by zeroing the mnemonic MFP via the keyboard.
Upon system power-up, this display is enabled. This display is unaffected by
scale or slew selections.

e MLS Localizer Line - If the straight-in land course mode (LAND-1) is
armed or engaged, the MLS localizer 1ine is displayed on the MFD as a line
segment extending from the straight-in land touchdown point on Crow's Landing
Runway 35 south to the boundary of the MFD map displayed on the screen. This
line corresponds to the course reference for straight-in land approaches made by
V/STOLAND. The MFD will display this 1ine even when the touchdown point is not
visible in the area of the MFD map currently in view. In this case, the MLS
Tocalizer 1ine will be extrapolated into the area of the map being displayed.
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NOTES: 1. REFERENCE FLIGHT PATH (S DEFINED BY THE WAYPOINTS 1, 2, 3 AND 4.

2. LAND MODE 2 PATH DEFINED 8Y THE WAYPOINTS 1, 2°, 3 AND &',
A HELIX 1S DEFINED AT THE WAYPOINT 3'. THE HELIX IS SELECTABLE
IN TERME OF THE DISTANCE TO THE TOUCHDOWN POINT 4° WITHIN THE
LIMITS OF 3600° AND 8307'. WAYPOINT 2° DEFINES THE BEGINNING OF
THE -8.11% GLIDE SLOPE TO THE TOUCHOOWN POINT.

716-11.83

Figure 4-49
MFD Reference Flight Path and Helix Land Displays
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o Helix Land Path - The helix land path will be shown with the reference
flight path whenever the helix land course mode (LAND-2) is armed or engaged,
Figure 4-49 shows this display. The helix land path consists of a circular seg-
ment tangent to the reference flight path and to the 18° course 1ine leading to
the LAND-2 touchdown point on the Crow's Landing Runway 30, a straight segment
between this latter point of tangency and the LAND-2 touchdown point, and a
circle which represents the helix tangent to this line. The circle representing
the helix of the LAND-2 flight path may be moved along the straight-line segment
when the pilot selects the distance of the point of tangency of the helix from
the LAND-2 touchdown point via the keyboard mnemonic HLX. The helix may be
placed from 3600 feet to 8307 feet from the LAND-2 touchdown point. Upon system
power-up, this distance is set to 5000 feet.

o Waypoint - If the waypoint course mode is armed or engaged, the location
of a selectable wispoint, with coordinates set via keyboard mnemonics WPX and
WPY, is shown on tne MFD map by a waypoint star symbol and the letters WPT
printed nearby. Until otherwise selected by the pilot, the coordinates of this
waypoint will be at the initial values of

X = +30,000 feet
Y = -20,000 feet

o Navaid or Waypoint Course Lines - If a radial course mode is arned or
engaged, the MFD will display the reference course vector on the MFD screen.
The course vector will be displayed as a 1ine passing through the appropriate
navigation station or waypoint, oriented along the course azimuth, and having an
arrow associated with its direction. The navigation station or waypoint posi-
tion does not have to be included in the area currently in view on the MFD. In
such cases, the course 1ine will be extrapolated into the screen area {f it
crosses this area.

If a radial course mode (TAC, VOR or WPT) is armed while another 1is
engaged, the navaid course line will pass through the armed course mode station,
taking priority over the engaged mode. The direction of the navaid course line

displayed on the MFD will correspond to the azimuth shown by the course-select
pointer on the HSI.
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o Map Orientation Modes - The MFD map may be displayed in two orientations:
north-up or heading-up. In the north-up mode the aircraft symbol mcves relative
to the displayed MFD map which 1s fixed with respect to the display screen. In
the heading-up display mode the aircraft symbol is stationary relative to the
display screen, pointing up, and the displayed MFD map rotates and translates
with respect to it. The orientation mode 1s selected via the NOR UP/HOG UP
button on the MSP,

e Map Scale - In either orientation mode (north-up or heading-up), the MFD
man may be displayed in three scales: 5, 1.5, or .5 nautical miles per inch.
Upon system power-up, the MFD map will be displayed with a scale of § nautical
miles per inch. Pushing the scale button on the MSP causes the scale to change
cyclically in the order 5, 1.5, .5, and the associated segment on the button to
1ight green.

o Map Slewing - The MFD map may be slewed by the five-position, return-to-
center switch labeled MFD SLEW on the MSP., The map will move in the direction
of the slow switch at 2 inches per second. Hence, if the map is displayed with
a scale of 1.5 nautical miles/inch the map will slew at 3 nautical miles/second.
Similarly, MFD map distance slew rates for the 5 and .5 nautical miles/inch
scales will be 10 and 1 nautical miles/second, respectively, If an attempt is
made to slew the map beyond the map 1imits (100 nautical mile square area as
shown in Figure 4-47), a dotted line with the word CUT is shown at the map
1imit, and further slewing is inhibited.

e Map Warning Light - A map warning 1ight is located in the bottom center
portion of the MFD display unit on the bezel. When {lluminated, the light is
red and displays the word MAP. When not illuminated, the word MAP is generally
not visible. The MFD map waining 1ight is 1lluminated under any of the
foliowing three conditions:

« The V/STOLAND fa:lyre monitoring software module detects a failure in
the MFD Symbol Generator via the Symbol Generator Valid.

- The V/STOLAND failure monitoring software module detects a failure in
the MFD Display Unit via the Display Unit Valid.

- The self-test button on the MFD display unit 1s pushed.
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! When the MFD map warning 1ight 1is {lluminated, the pilot is to disregard the MFD
E map data displayed.

o Self-Test Button - The MFD display unit {s equipped with a self-test
) button mounted on the lower left corner of the instrument on the bezel. When
r this button is pressed, the test pattern shown in Figure 4-50 will appea if
| both the MFD Display unit and Symbol Generator are operating correctly.

4.7 THE ATTITUDE DIRECTOR INDICATL.

The Attitude Director Indicator (ADI) fllustrated in Figure 4-51, displays
attitude, flight director commands, vertical deviation (glide siopej, course
deviation (localizer), radio altitude and rate of turn, The A_l also has Deci-
sfon Height (DH), Flare (FLR) annunciation 1ights and failure warning flags for
the vertical deviation (GS), and the flight director (FD).

Pushing tne TEST button causes the pitch attitude to change (from the
current attitude) by +10 ¢ 5 degrees (nose up), the roll attitude to change by
+20 £ S agegrees (right bank), and the attitude flag (G) to come into view.

The attitude display is driven directly from the pitch and roll outputs of
the vertical gyro (VG). The attitude flag (G) comes into view {f the VG or ADI
power is lost. The pitch scale sensitivity on the sphere is electricaily
expanded to provide approximately .070 inch per degree at zero pitch attitude,
progressively decreasing to approximately ,030 inch per degree at 90 degrees
pitch attitude. The roll scale has & one-to-one relationship with aircrzft
attitude. The attitude sphere has approximately #85 degrees of range in pitch,
and full freedom in roll.

The rate-of-turn indicator is driven by an input from the yaw rate gyro.
The deflection of the pointer to two pointer widths represents S degrees per
secend (= 2 mA), It {s possible to drive the pointer to four pointer widths to
represent 10 degrees per second before it goes out of view.
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NOTES: 1. THE CROSS INTENSITY SHALL BE
DIMMER THAN THE BOX

2. THE BOX INTENSITY SHALL BE
DIMMER THAN THE CHARACTERS.

Figure 4-50
MFD Test Pattern
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The Attitude Director Indicstor




The radio altitude display is driven directlv from the radio altimeter. It
is displayed by a horizontal bar that moves from the area of the expanded
localizer (200-foot altitude) to the bottom of the miniature aircraft symbol
(touchdown) .

The remaining displays are based on software data, and the following para-
graphs describe operation under the supplied Basic computer software.

o Flight Director Commands - When the flight director is engaged by pushing
FLT DIR on the MSP, but A/P is off, the three flight director bars give the
pilot command instructions for the cyclic and collective sticks. For a pitch-up
command, the pitch command bar moves above the aircraft symbol, instructing the
pilot to pull back on the cyclic stick until the bar is centered. Similarly,
for a roll-right command, the roll cormand bar moves right, instructing the
pilot to move the cyclic stick to the right until the bar is centered. For a
positive-up altitude rite command, the collective command bar moves up, in-
structing the pilot to pull up on the collective stick until the indicator is
centered.

If A/P and FLT DIR are both engaged, the flight director bars monitor the
performace of the autopilot. The guidance modes under the flight director are
identical to those under the A/P modes.

If research guidance modes are selected, the commands generated in the
Research computer are displayed by the command bars. If FLT DIR 1s not selected
at the MSP, the pitch, roll, and collective command bars are biased out of view.

e Vertical Deviation - Vertical deviation is displayed on the right ver-
tical scale when the REF FP or LAND guidance mode is selected. In all other
modes, the indicator is biased out of view. In the REF FP mode the full-scale
deflection from center represents 500 feet (= 150 microamperes = 2 dots) above
or below the desired path. In the LAND modes the full-scale deflection from the
center represents 100 feet (= 150 microamperes = 2 dots) above cr below the
reference glide slope. In the ILS LAND mode, with both AUTO and Flight Director
disengaged, the vertical deviation indicator displays raw angular deviation data
where full-scale deflection represents .7 degree (= 150 microamperes = 2 dots).

4-77

NI VN P T WP yy g e RN



o Course Deviation - Course deviation is displayed (on the indicator con-

ventionally used for expanded localizer) when a radial or LAND guidance mode is
selected. In all other modes, it is biased out of view. In the LAND modes
full-scale deflection from the center represents 100 feet (= 20 microamperes) to
the right or left of the runway centerline. In the VOR/TACAN modes, using raw
data, the full-scale deflection represents = 3.3 aegrees. In all other guidance
modes full-scale deflection from the center represents 1000 feet (= 20
microamperes) to the right or left of the desired path.

¢ Flare Annunciation - When the flare mode is engaged, it is indicated by
green annunciation marked FLR in the upper left corner of the HZ-6F.

¢ DH Annunciation - The decision height (DH) annunciator in the upper right
corner of the HZ-6F indicates amber when the aircraft altitude is less than or
equal to the decision height. This height is normally set to 100 feet (above
the runway), but may be changed by the pilot via the keyboard with mnemonic DHT.

e Flight Director Flag - The flight director flag is nct used during
V/STOLAND operation since the flight director cannot be engaged if there is a
failure. It only comes into view when the system power is off.

e GS Flag - The GS flag comes into view when the navigation during MLS
becomes invalid. It is biased out of view for all other modes.

4.8 THE HORIZONTAL SITUATION INDICATOR

- The Horizontal Situation Indicator is illustrated in Figure 4-52. It com-
bines ten radio and compass navigational displays in a single 4 by 5-inch
instrument, and permits integration of the complete horizontal situation display
into the central scanning area. The radio navigational displays include two
independent servo-driven radio bearing pointers, two independent distance
measuring equipment readouts, vertical deviation indication, course.deviation
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indication, remotely selected radio course indication, and VOR/TACAN/ WPT
TO/FROM indication.

The compass heading display data and the compass warning flag come directly
from the directional gyro. The remaining displays are based on software data,
and the following paragraphs describe their operation under the supplied Basic
computer software.

o Heading-Select Bug - The heading-select bug indicates the heading refer-
ence, which may be selected by the pilot by the MSP heading slew switch. It
aligns with the heading index (lubber line) at the top of the instrument when
heading-hold engages.

o Course Select Pointer - The course-select pointer incicates the course
selected by the pilot for radial guidance. The position of this pointer is con-
trolled either by the MSP course slew switch or by keying in the mnemonic CRR at
the keyboard. The course-deviation indicator displays the aircraft's lateral
displacement from the selected course, as described below. The course-select
pointer becomes aligned with the aircraft heading, assuming no crab angle, when
the aircraft is tracking the selected course. In the standby mode, the course-
select pointer is stowed to the North position.

e Bearing 1 Pointer and DME 1 Display - If VOR is selected by the Data
Source-select switch, and if VOR is valid (determined by VOR status, bits 30 and
31), the bearing of the aircraft to the VOR station is indicated by the Bearing
1 pointer. If VOR is not valid, the bearing pointer is stowed at North. The
bearing display is independent of MSP mode selection. The DME range is indi-
cated by the OME 1 display. The range of the DME display is .l to 86.2 nautical
miles. If DME is not valid, the DME 1 display is obscured by a shutter.

If MLS is selected by the Nav Source-select switch, and if MLS azimuth is
valid, the bearing pointer indicates the MLS azimuth. If not valid, the pointer
is stowed at North., MLS range is displayed by the DME 1 display if valid;
otherwise, the shutter is activated to obscure the display. The range of MLS
range data is .l to 9.9 nautical miles.




¢ Bearing 2 Pointer and DME 2 Display - If TACAN is selected by the Data
Source-select switch, and if TACAN bearing is valid, the bearing to the TACAN
station is displayed by the Bearing 2 pointer. If not valid, the bearing

pointer is stowed at North. TACAN range is displayed by the DME 2 display if
TACAN range is valid; otherwise, the DME display is obscured by activation of

the shutter. The range of the TACAN range data is .l to 86.2 nautical miles.

If WPT is selected by Data Source-select switch and the REF FP mode is
engaged, the bearing and range to the next waypoint of the reference flight path
are displayed by the Bearing 2 pointer and DME 2 display, respectively. Other-
wise, the bearing and range to the selected WPT are displayed. However, if the
Research mode flag is set (RESMDE) and the HSI mode flag (RESARF) from the Re-
search computer is set, then the bearing and range from the Research computer
are displayed. If navigation is not valid, then the Bearing 2 pointer is stowed
at North and DME 2 display is obscured by the shutter.

e TO/FROM Indicator - The TO/FROM indicator indicates the direction of the
selected radial in relation to the navaid during radial guidance modes, i.e.,
Waypoint, VOR, TACAN. The TO/FROM indicator indicates TO (arrow in the same
direction as course-select pointer) if the absolute value of the angle between
the course-select pointer and the bearing to the selected navaid is less than 90
degrees. It indicates FROM (arrow in opposite direction to course-select
pointer) if the absolute value of the angular difference is greater than 90
degrees. it goes out of view when the aircraft is over the station.

o Course and Vertical Deviation Indicators - The lateral and vertical
deviations from the selected paths are displayed by the deviation indicators in
the HSI. Full-scale deviations are represented by two dots which represent dif-
ferent units (degrees or feet), depending on whether the autopilot and/or flight
director or the raw data modes are engaged. The course deviations are displayed
during VOR, TACAN, WPT, REF FP and LAND modes. The vertical deviation is dis-
played during REF FP and LAND modes only; it is 2iised out of view during other
quidance modes.

When either the autopilot or flight director i: eéngaged, the course
deviations represented by the indicator are in feet. In LAND moce, ore dot
represents 100 feet, and in the other guidance modes (VOR, TACAN, WPT and REF
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; FP), one dot represents 1000 feet. In the VOR and TACAN raw data modes (AUTO

y and Flight Director off) the course deviations are displayed with a scaling of §

| degrees per dot; the angular deviation represents the difference between the
selected course reference and the bearing to the navaid.

When either the autopilot or flight director is engaged, one dot of ver-
tical deviation has the following meaning: LAND mode, one dot equals 50 feet;
REF FP mode, one dot equals 250 feet. The indicator {is biased out of view in

other guidance modes and the vertical deviation flag is out of view. If the
research mode is engaged and the research mode flag for HSI and ADI course and
vertical deviation is set, the deviation data from the Research computer is
displayed by both deviation indicators.

¢ Course and Vertical Deviation Flags - The course and vertical deviation
flags indicate the validity of the displayed deviation data. The course devia-
tion flag comes into view when:

- TACAN tearing becomes invalid during TACAN guidance.

- VOR bearing becomes invalid during VOR quidance.

- Navigation becomes invalid during REF FP or WPT guidance.
- MLS azimuth becomes invalid during LAND guidance.

- Research course deviation becomes invalid (RESLVF=0).

The vertical deviation flag comes into view when the research vertical deviation
becomes invalid (RESGVF=Q).

4,9 THE DATA ENTRY KEYBOARD AND DISPLAY

The Data Entry Keyboard (DEK) and Data Entry Display (DED) illustrated in
Figure 4-53 are mounted below the Mode Select Panel in the center column of the
Sperry simglator cab. The DEK provides, in conjunction with the 24- character
alphanumeric display on the DED, a general purpose interactive interface between
the pilot and the V/STOLAND software. The pilot may use the keyboard to insert
and retrieve data which is in turn displayed on the DED alphanumeric display.
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The DEK is in the data entry and review mode whenever a failure message 1s
not displayed on the DED. The failure message display format is described in
the following subsection (4.9.2). If a failure message is being displayed, the
pilot may depress the CLEAR pushbutton on the DEK to enter the data entry and
review mode.

4.9.1 Data Entry and Review Mode

In the DATA ENTRY and REVIEW mode, the pilot may examine or change
specific parameters within the V/STOLAND software modules. Each such parameter
is identified by a three-letter mnemonic as listed in Table 4-5. This table
also indicates the default value of the parameter, the upper and lower limits of
the value to which the parameter may be changed, and an indication of the error
message that will be displayed in the event the pilot attempts to enter a
disallowed value for a particular parameter.

At power-up, the DEK and DED are initialized in the data entry and review
mode, with all parameters set to their default values. Also, the DEK is ini-
tialized in the LETTER mode, which is annunciated on the NUMBER/LETTER button of
the DEK. To examine the value of a parameter, the pilot keys in the associated
three-letter mnemonic. As he keys in the letters, they appear in the lower
display row of the DED. As the third letter of a valid mnemonic is keyed in, it
is followed by an equal sign and the current value of the parameter. The
following is an example of a typical display on the DED.

ALT = 12762

4-83







TABLE 4-5
KEYBOARD MNEMONICS
Limits
Mnemonic and Over-Range
Description Default Valuel H1 Lo Condition2
Programmable Parameters
(% of nominal values):

KTHT AAA = 100 1000 10 L
KHOTHT 888 = 100 1000 10 L
KHDPLH £CC = 100 1000 10 L
KHODOT 000 = 100 1000 10 L
KCRSTH EEE = 100 1000 10 L
KVTHTH FFF = 100 1000 10 L
KVTHTA GGG = 100 1000 10 L
KVPL HHH = 100 1000 10 L
KVPLFF [II =100 1000 10 L
KVI JdJd = 100 1000 10 L
KRPSI KKK = 100 1090 10 L
KAYPSI LLL = 100 1000 10 L
KCSPSI MMM = 100 1000 10 L
KPSICS NNN = 100 1000 10 L
KDYCRS 000 = -03 1000 10 L
TAUDD PPP = 100 1000 10 L
KPHI QQQ = 100 1000 10 L
KPHID RRR = 100 1000 10 L
KVEPHI $SS = 100 1000 10 L
KYDDPH TTT = 100 1000 10

1.

3.

The default value is

L
on the program tape, but may have been altared by
previous keyboard or MSP action,

L = Limit Value, € = Entry Error,

Programmable parameters with an absolute default value of zero will dis-
play a perc'ntage default value of -0,
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TABLE 4-5 (cont)
KEYBOARD MNEMONICS

Limits
Mnemonfc and Over-Range
Description Default vValue Hi Lo Condition
Programmable Parameters
(% of nominal values):
KVPHI YW = -03 1000 10 L
KH VVv = 100 1000 10 L
TROLL WWW = 100 1000 10 L
GTANP1 XXX = 100 1000 10 L
DF1 YYY = 100 1000 10 L
HDOTCL 222 = 100 1000 10 L
Altitude Reference (ft) ! ALT = Xxxxxi 20,000 0 £
Barometer Reference BAR = 29,92 31 28 £
Setting (in. Hg)
Decision Height (ft) OHT = 100 400 0 L
Glide Slope Rcierence | GSR = -4.0° -2° -8° L
(deg)
Land Mode Director LND = ] 2 1 1
| Helix Location (ft | HLX = 5000 8307 3600 L
| from TD) 1
RFP Waypoint Number WPN = 2 4 0 3
X-Coordinate of Way- | WPX = 300002 | 1,310,710 -1,310,710F L
| point (ft) i
g Y-Coordinate of Way- WPY = -200002 1,310,710 -1,310,710 ‘ L
point (ft)
i Programmable Research RAA = Q° 359° 0° 11
: Parameter (degree)
t
Programmable Research RAB = Q° 359° 0° 3
Parameter (degree) l,

1. The value equals the value on the MSP ALT display at the time the ALT

mnemonic is keyed in.

2. Rounded to nearest 10 feet.

3. See note 3 on the previous page.
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TABLE 4-5 (cont)

| |

i
{ !
| !

KEYBOARD MNEMONICS
Limits
Mnemonic and Over-Range
Description Default Value Hi Lo Condition
Programmable Research RAC = Q¢ 15° -15° L
Parameter (degree)
Programmable Research RAD = Q 131071 -131071 E
Parameter
Programmable Research | RAE = 0 131071 -131071 3
Parameter
Programmable Research RDA = 0 131071 -131071 3
Parameter
. Programmable Research | RD8 = 0 131071 -131071 E
Parameter i
Programmabie Research RODC = 0 131071 -131071 £
Parameter
Programmable Research ROD = O 131071 -131071 E
' Parameter i
Programmable Research ROE = 0 131071 -131071 E
i Parameter
| Research Mode Engage . RES = 0 131071 -131071 3
. Flag f
I
r MFD Course Vector MCV = 0 131071 -131071 £
4
{ MFD Next RFP Waypoint MFD = ] 131071 -131071 3
i Data
' MFD Flight Path History | MHI = 1 131071 -131071 £
k DOTS
| MFD Trend Vector (MR = 1 131071 131071 3
Failure Review Number ‘ FAL = Last Last 0 L
diagnostic diagnostic
! number (<99) number (<99)
l
‘ 5 1 wi%hh
. weight-
Preflight Test Flag  PFT = 0 on-wheels 0 E
| ! [ 0 otherwise
Altitude of Runway (ft) | ARW = 140 131,071 -131,071 E

el
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If an invalid %hree-letter mnemonic {one not shown in Table 3-5) is keyed
according to the above procedure, the message ENTRY ERROR will be displayed in
the upper DED when the third letter {s depressed on the DEX. The mnemonfc in
the Tower DED will remain unchanged. The pilot may delete characters, one at a
time, by depressing the « key, and then retype the correct characters, The
pilot may also depress the CLEAR pushbutton, ceusing the display to blank, after
which he may retype the correct mnemonic from the beginning.

To change the value of the associated parameter, the NUMBER mode is first
entered by pushing the NUMBER/LETTER key. As the numeric value is keyed, the
corresponding characters appear in the upper DED display, starting with the
fifth character from the left. A tyrical display is shown below.

-14.2)

RAC = 13.9

When the pilot has typed the value to which the parameter associated wi‘h the
currently displayed mnemonic is to be changed, he must depress the ENTER push-
button on the DEK to assign che data within the V/STOLAND system. When this is
done, the upper DED display will blank and the DEK will automatically revert to
the LETTER mode. The lower DED display will centinue to display the mnemonic,
but will now indicate the ne ‘ value to which its associited parameter has been
set.

[f the entered numerical data is beyonc the limits assigned for the
mnemonic (see Table 4-5), the value entered is either the limit value or it
won't be changed. For example, if a value of -20 deqrees is inserted for the
mnemonic GSR, the DED display will appear as follows:

LIMIT VALUE
GSR = -8.0

The DEK then reverts to the LETTER mode. For some parameters, the upper DED
display will show the message ENTRY ERROR and the lower 5¢D display will remain
unchanged. For example, the mnemonic RAA is 1imited to the range O to 350
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degrees. If the current value of this parameter is 200 degrees and an input of
400 degrees is attempted, the DED display will appear as follows immediately

after the ENTER button is depressed:

TENTRY ERROR| i

RAA = 200

P AP e

The DEK remains in the NUMBER data entry mode in this case, and the pilot may
immediately re-anter a revised numeric value.

The « and —» keys on the DK may also be used to display mnemonics and
their associated values without having to key in the alphabetic characters.
When the DED is blank, depressing the « numeric key will cause the last dis-
played mnemonic and its associated value to re-appear on the DED. When the DED
is not blank, each depression of the « or — pushbuttons on the DEX causes the
mnemonic adjacent to the last displayed mnemonic to be displayed, in the order
shown in Table 4-5.

4,9,2 Failure Message Review Mode

The FAILURE MESSAGE REVIEW mode annunciates the occurrence of failures 1
detected by the V/STOLAND system and allows the pilot to review up to 99 failure
messages stored in the memory of the Basic computer. The DEK and DED are in the
FAILURE MESSAGE REVIEW mode whenever a failure message is being displayed on the
DED. A typical failure message is shown in the example below.

FATLURE 13

\hadd

ADI ATTITUDE

The general format of a failure message displays the failure number on the upper 1
DED display, and a diagnostic message on the lower DED display. The failures
are numbered in the order in which they occur. A — symbo! is displayed after
the failure number if there are failures logged with a higher number than the

one currently displayed. No — symbol is dispiayed with the last failure number.

4-89




I . ‘

The FAILURE MESSAGE REVIEW mode may be entered manually by the pilot, or
is entered automatically whenever a failure is detected by the V/STOLAND system.
The MESSASE ALERT light on the main ‘nstrument panel will turn on in this case,
indicating that there are unreviewed Failure messages. The FAILURE MESSAGE
REVIEW mode is entered manually by keying in mnemonic FAL and the number of the
failure message to be reviewed. After the mnemonic is keyed in, the last
failure number will be displayed. Assuming 15 failures have occurred, the
display would be as follows:

FAL = 15

The pilot may then key in the number of any failure message he wishes to review.
For example, if he wishes to review the eighth failure, the display would show:

8
FAL = 15

Depressing the ENTER pushbutton will result in the eighth failure message being
displayed in the format shown in the first part of this section. If the pilet
enters a failure number equal to cr exceeding the value associated with the FAL
mnemcnic, the last stored failure message will be displayed.

The failure message buffer may be initialized (cleared) only while the
aircraft is on the ground by keying the DEK mnemonic FAL and entering “0" for
the new value to be assigned to this mnemonic. In this case the DED display,
just prior to depressing the ENTER pushbutton, will be

FAL = 15
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assuming 15 failures have occurred so far. Then, after depressing the ENTER
pushbutton, the display will revert to showing

FAL = 0

indicating that there are no failure messages stored. If the aircraft is not on
the ground, thg\faiiure message buffer cannot be cleared. In this case, keying
in a value less-than or equal to zero for the mnemonic FAL will cause the first
failure message to be displayed.

If more than 99 failures occur during a flight and the failure message
buffer cannot be cleared, all failures beyond the 99th will be overstored in the
99th failure buffer location, and the failures occurring between the 98th and
last failure will be lost.

The «~ and - keys may be used to scan the failure messaces stored in the
failure message review buffer. Depressing the — key on the DEK will display the
next higher numbered failure; depressing the « key on the DEK will display the
next lower numbered failure. If the first or last failure is displayed, de-
pressing the « or - keys on the DEK has no effect, respectively.

The failure message review mode may be canceled cnly by depressing the
CLEAR pushbutton on the DEK. This actiun will return the DEK to the DATA ENTRY
and REVIEW mode, blank the DED, and turn off the message alert light if it was
an.

4.10 THE FLIGHT MODE ANNUNCIATOR

The Fl1ight Mode Annunciator (FMA) is located immediately above the ADI on
the instrument panel. It is physically identical to the DED, with 24 16-segment
alphanumeric characters arranged in two rows. The upper and lower rows have
separate functions, as described below (unless the PREFLIGHT mode is engaged as
was described in Paragraph 3.7).
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The upper FMA messages, displayed on the top row of characters on the FMA,
are of two types: advisory and command. Advisory messages on the FMA are dis-
played as non-flashing messages. Command messages on the FMA are displayed as
flashing messages. Table 4-6 lists the messages that may be displayed on the
upper FMA (arranged in decreasing order of priority).

TABLE 4-6
UPPER FMA MESSAGES

1 2 3 4 5 6 7 8 9 10 11 12 Notes
(research message, if any)
T 0 U C H D O W N
L E T D O W N
L 0 C K P Y L 0 N 1
u N L 0 C P Y L O N 1
P Y L 0 N S T 0 (x X) 2
F L A P S T 0 (X X) 2
R P M T O x x X) 2
G 0 A R 0 U N D
R E S A P 3
B A S A P 3
R E § F D 3
B8 A S F D 3
R E S x x) , 3
M A N U A L , 3
Notes

1. Message flashes
2. Message flashes in flight director mode only

3. The message AIRPL, HELCP, or TILT is displayed after
the comma when the pylon angle is less than 5 de-
grees, greater than 85 degrees, or between 5 and 85
degrees, respectively.
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The highest priority messages (f.r bcth rows) are any non-blank messages from
the Research computer (that is, the input buffer for such messages is not
cleared). Any message in this buffer will preempt all other messages. Hence,
the Research computer can have full control of the FMA, In the absence of a
research message, the following messages will be displayed under the condition
described:

o TOUCHDOWN - Advisory message displayed any time weight-on-wheels is
detected.

o LETDOWN - Advisory message displayed when the aircraft ceases to hover
above the touchdown point and begins the descent of the final 10 feet to
the ground.

e LOCK PYLON - Command message displayed when the indicated airspeed of
the aircraft exceeds 190 knots and the pylons are unlocked.

o UNLOCK PYLON - Command message displayed prior to any commanded pylon
movement if the pylons are locked.

o PYLONS TO (XX)° - Advisory message if the autopilot is engaged, indicat-
ing that the V/STOLAND system is converting the pylon angle to the posi-
tion indicated. Command message if the manual flight director is
engaged, indicating that the pilot, at his discretion, is to convert the
pylon angle to the position indicated.

e FLAPS TO (XxX)° - Advisory message if the autopilot is engaged, indicat-
ing that the V/STOLAND system is moving the flen-selector switch to the
indicated position., Command message if the manual flight director is
engaged, indicating that the pilot, at nis discretion, is to move the
flap-selector switch to the position indicated.

¢ RPM TO (XXX)% - Advisory message if the autopilot is engaged, indicating
that the V/STOLAND system is slewing the RPM command to the value indi-
cated, Command message if the manual flight director is engaged, indi-
cating that the pilot, at his discretion, is to slew the RPM command to
the value indicated.

4-93



o GO AROUND - Advisory message indicating that the go-around submode has
been engaged.

e RES AP, BAS AP, RES FD, BAS FD, RES (XX), MANUAL - In the absence of any
one of the above upper FMA messages, the upper FMA will annunciate the
flight configuration of the V/STOLAND system. In the order listed,
these advisory messages indicate that the V/STOLAND's system is engaged
in the research autopilot, basic autopilot, research flight director,
basic flight director, research mode number XX, or the manual mode.
These messages are always left-justified on the top line of the FMA, and
are always followed by one of the following three titles which indicates
the range of the current pylon angle.

e AIRPL, HELCP, TILT - One of this set of advisory messages is always dis-
played inmediately to the right of one set of advisory messages listed
immediately above. In the order listed, these messages indicate the
pylon angle is less than 5 degrees {nacells almost aligned with wing
chord), greater than 85 degrees (nacells almost perpendicular to wing
chord), or between 5 and 85 degrees.

The bottom row of characters of the FMA is dedicated to displaying the
flight guidance modes in which the V/STOLAND system is armed or engaged. Table
4-7 1lists all of the messages which may be displayed on the lower FMA, As in
the case of Table 4-6, the messages are in the order of decreasing priority. In
the absence of a research mode message, the lower FMA will display some cnmbina-
tion of the other messages listed in Table 4-7,

The lower FMA is divided into three sections as shown in Table 4-7, cor-’
responding to categories of modes. Characters 13 through 15 are used to annun-
ciate the engaged vertical or longitudinal guidance mode. Characters 17 through
19 annunciate the engaged lateral-directional guidance mode. Characters 21
through 24 annunciate any armed lateral-directional or vertical flight modes.

If no guidance mode is engaged for a given category, that section will be blank.
The messages displayed on the lower FMA may be a combination from each category,
including blanks.
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% TABLE 4-7
| LOWER FMA MESSAGES
13 14 15 16 17 18 19 20 21 22 23 24 Notes
(research message, if any)
F L R R T A C ’ T A C A
L - Xy Lt - (x) L - (x) A
R r P s R F P , R F P A
A L T s W P T R W P A
F P A s V 0 R s v 0 R A
[ A S s H D G s A L T A ,
(BLANK) (BLANK) L - (X) A 2
R F P A 2
(BLANK)
Notes:
1. For LAND or Reference Flight Path Lateral-Directional Modes
2. For LAND or Reference Flight Path Vertical Modes

The messages listed in Table 4-7 are described below:

¢ FLR - Indicates that the flare longitudinal submode of the land mode is
engaged.

o L-(X) - Indicates that LAND mode X is engaged in the lateral-directional
axes 1f the message is in the center section, or the vertical axis if it
is in the left section. If the message is L-1, a straight-in approach
is engaged. If the message is L-2, a helix approach is engaged.

¢ RFP - Indicates that a Reference Flight Path mode is engaged, either in
' the lateral-directional axes or the vertical axis, depending upon the
position of the message on the FMA, as explained above.

o ALT - Indicates that the altitude vertical mode is engaged.

e FPA - Indicates that the flight path angle vertical mode is engaged.
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e IAS - Indicates that the airspeed longitudinal mode is engaged.

o WPT - Indicates that the waypoint lateral-directional radial course mode
is engaged.

¢ VOR - Indicates that the VOR lateral-directional radial course mode is
engaged.

¢ TAC - Indicates that the TACAN lateral-directional radial course mode is
engaged.

¢ HDG - Indicates that the heading lateral-directional mode is engaged.

o L-(X)A - Indicates that LAND mode X is armed in the lateral-directional
if not already engaged in this axis. If it is already engaged in this
axis (as indicated by the center section message), this message
indicates that LAND mode X is armed in the vertical axis. If the
message is L-1A, a straight-in approach is armed. [f the message is
L-2A, a helix approach is armed.

¢ RFPA - Indicates that a reference flight path mode is armed, either in
the lateral-directional axes or the vertical axis under the conditions

described above for L-(X)A.

o WPTA - Indicates that the waypoint lateral-directional radial course
mode is armed.

o VORA - Indicates that the VOR lateral-directional radial course mode is
armed.

e TACA - Indicates that the TACAN lateral-directional radial course mod:
is armed.

® ALTA - Indicates that the altitude vertical mode is armed.
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4.11 INERTIAL SENSORS

The following inertial sensors supply data to the V/STOLAND system:

¢ Vertical Gyro
¢ Rate Gyros

¢ Accelerometers
¢ Compass System

The inertial sensors supply aircraft angular position, angular rate, and trans-
lational acceleration data to the V/STOLAND system. A brief discussion of each
unit is given in the following paragraphs.

4,11.1 Vertical Gyro

The VG-14H vertical gyro is Government Furnished Equipment (GFE) on the
XV-15 aircraft, and is located on the inertial platform assembly. The gyro
provides aircraft pitch and roll attitude reference data for use in the
V/STOLAND ADI and Basic computer. It has high inertia, providing an angular
momentum of 3.8 million ;h-cmz per second at 22,000 rpm to stabilize itself
about both gimbal axes. The gyro has +80 degrees of freedom in pitch and
unlimited (360 degrees) freedom in roll. In addition, it is designed to operate
in the vibration levels encountered in helicopter environments by virtue of its
improved suspension system, antifrothing 1iquid levelers, and redundant
connections for the pitch and roll synchro transmitters. Performance
specifications for this gyro follow:

PERFORMANCE DATA

Gyro Rotor Speed 22,000 rpm (nominal within 5
minutes after power is appiied

Gyro Angular Momentum 3.8 million gm-cm2 per second

Gyro Erection Vertical within 3 minutes after

power is applied

Verticality (Alignment of spin .25 degree (bench)
axis with true vertical)

Roll Erection Cutoff Threshold .10g (6-degree roll angle nominal)

Erection Rate

Fast Erection (Roll) 20 degrees per minute, minimum

Fast Erection (Pitch) 20 degrees per minute, minimum

Stow Erection (Roll Pitch) 2.5 degrees per mi:ute, nominal
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The YG-14H produces a valid which, when set, indicates that the unit is
operating properly. This valid is monitored in the V/STOLAND failure monitoring ‘
software module, and will cause a system disconnect if 1t is not detected.
Also, failure of the VG is annunciated by a flag on the ADI.

4.11.2 Rate Gyros i

The pitch, roll, and yaw rate gyros are contained in two separate assem- ‘
blies mounted on the inertial platform assembly. The yaw/roll assembly contains
two rate gyros mounted in a precision-machined block and attached to the unit's
side. The pitch assembly contains the pitch rate gyro mounted in a block
similar to the yaw/roll assembly.

The rate gyros sense and process the aircraft angular rates about each ‘
of three orthogonal aircraft body axes. The signal gradient from each rate gyro
is .25 volt-second per degree. The yaw rate gyro produces an additional output
which drives the rate-of-turn indicator on the ADI. The gradient of this signal
is .333 volt-second per degree. Each gyro also provides a valid signal that is
dependent upon the speed of the gyro. The valid of a rate gyro is lost when the
gyro's speed decreases to 75 percent of its nominal value. Each gyro has a
self-test feature which is exercised during the preflight test. The self-test
feature 1s initiated by setting a discrete from the Data Adapter to the rate
gyro. This introduces a torquing current that simulates a 5-degree-per-second
angular rate which is checked by preflight software.

4,11,3 Accelerometers

The longitudinal, lateral, and normal accelerometers are mounted in a
single assemhly, with the proper orientations to measure the aircraft linear
accelerations in each of the three orthogonal aircraft body axes. Each accel-
erometer is mounted separately on a precision base with an arrow indicating its
sensitive axis. All units are mounted on the inertial platform assembly.

The accelerometers are force-balanced and have a closed-loop configura-
tion. The accelerometer electronics contained in each unit consist of an elec-
trical pickoff and a servo amplifier that provide the closed-loop operation,
The output of each accelerometer is a dc voltage that is proportional to the
aircraft acceleration in that axis. The longitudinal and lateral accelerometer
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signal gradients are 8 volts per g of acceleration. The signal gradient of the

normal accelerometer is 2 volts per g of acceleration. In addition, the normal

accelerometer has a 1g bias so that it produces no output voltage when at rest.

Eacn accelerometer contains self-test provisions in which a torquing
current from the Data Adapter is injected. This results in accelerometer out-
puts that are proportional to the test current applied and which are used as a
system check during preflight test.

4,11.4 Compass System

The C-14 gyromagnetic compass system provides accurate heading informa-
tion referenced to a free directional gyro heading or slaved to the earth's mag-
netic field. This heading information drives the HSI, and {s also transmitted
to the Data Adapter for use in the V/STOLAND system software.

The compass set consists of a C-14 directional gyro, flux vaive, compen-
sator, and controller, The flux valve and compensator provide the direction of
the earth's magnetic field, corrected for the aircrart's disturbing field. In
addition, the compensator provides the error signal between the earth's magnetic
field and the heading of the directional gyro. This latter signal slaves the
directional gyro to the earth's magnetic field when the compass system is used
in this mode.

When power is applied to the aircraft, the pilot must synchronize the
heading of the directional gyro to the earth's magnetic field. This {s accomp-
1ished by turning the compass synchronization knob located on the compass con-
troller until the annunciator window is clear. Once this is done the pilot
selects the mode (free or slaved gyro) in which he wishes the compass system to
operate for the flight.

4,12 AIR DATA SENSORS

The following air data sensors supply data to the V/STOLAND system:

o Static Pressure Transducer

¢ True Airspeed Sensor

o Altitude/Airspeed Transducer
o Total Temperature Prabe
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The air data sensors supply data on atrspeed, air pressure, and air

temperature to the V/STOLAND system. A brief discussion of each unit is given
in the following paragraphs.

4.12,1 Static Pressure Transducer

The static pressure sensor is capable of measuring prassures in the
range of 20 to 31.5 inches of mercury. The pressure data {s used for deriving
pressure altitude.

The pressure sensor has a rigidly supported metal diaphragm subjected to
vacuum on one side and static pressure from the pitot tube on the other side.
The natural resonance frequency of the diaphragm is directly related to the
applied static pressure and the ambient temperiture. The resonant frequency is
sensed by a cofl located in the field of 2 permanent magnet attached rigidly to
the vibrating diaphragm. A count proportional to the period of the vibrating
diaphragm is transmitted to the Data Adapter.

Pressure altitude i{s derived from the calibration data of the sensor
which is stored in the Basic computer as a table whose independent variables are
proportional to the period of the vibrating diaphragm and the ambient tempera-
ture of the sensor. The V/STOLAND navigation software module computes
barometric altitude from the pressure altitude derived from this table and the
pilot«supplied baro setting input via the DEK mnemonic BAR.

4.12,2 True Airspeed Sensor

The true airspeed sensor is a J-TEC VA-210 model capable of measuring
true airspeed 1> the range of 2 to 200 knots. 7The sensor utilizes an ultrasonic
technique to count the frequency of the vortex sheet behind a strut in the air-
flow. The frequency at which the vortices are shed is directly proportional to
the airspeed,

The sensor and associated electronics/display unit are Government fur-

nished Equipment (GFE). The electronics/display unit provides a dc analog
output signal whose gradient is .025 volt per knot.
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4.12.3 Altitude/Airspeed Transducer

The altitude/atrspeed transducer measures total and static pressure to
compute altitude (-1000 to 40,000 feet), tndicated airspjed (75 to 350 knots),  ~°
and impact pressure (.27 to 6.29 inches of Hg). The outputs are dc analog
signals whose gradients are: '

¢ Impact Pressure: 1 volt per inch Hg
¢ Indicated Airspeed: .02 volt per knot
o Altitide: .0002 volt per foot (-1000 foot bfas)

A1l equipment associatad with the altitude airspeed transducer is GFE.

4.12.4 Total Temperature Probe

Total temperature is sensed via a platinum resistance type sensor and
conditioned with a signal conditioning amplifier to output 2 0 to 5 volt dc
signal. The gradient of this signal is .033 v/°C with a 50°C bias. The total
temperature probe and signal conditioning amplifier are GFE.

4,13 NAVIGATION SENSORS

Five sets of navigation units ae provided (GFE) on the XV-15 aircraft:

e TACAN
¢ VOR/DME
o MLS
e INS
¢ Doppler Radar
The navigation sensors supply aircraft translational position data to the

V/STOLAND system. A brief discussion of each unit is given in the following
paragraphs.

4.13.1 TACAN ’ J
The TACAN navigation set consists of the following items of equipment:

o TACAN Receiver/Transmitter
o TACAN Signal Data Converter '
o TACAN Navigation Control Unit
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This system is a MIL-spec, all solid-state, airborne navigation sensor which

supplies data to the V/STOLAND system regarding the range and bearing of the |
aircraft to a TACAN or VORTAC statfon, Each statian with which this navigation i
sensor can communicate is identified by a cnannel number that is selected at the

TACAN set control unit.

TACAN {s tuned by the channel selector switch located on the control
unit mounted on the port console. The control unit is shown in Figure 4-54.
The channel selector has two controls - a circular disc for selecting the first
two digits of the channel number, and a lever for selecting the third digit.
The ECM WARN annunciator is not used for V/STOLAND. The BIT button is pressed
during preflight test, and the test outcome is indicated by the GO and NC-GO
lights.

Lo gebedec .

For Y/STOLAND use, the X mode is selected via the two-position toggle
switch on the panel, and the five-position selector switch is moved into the T/R
detent in order to receive range and bearing data. The VOL control, located in
the upper right corner, adjusts the ident tone volume,

4,13.2 VOR/DME
The VOR/DME navigation set consists of the following items of equipment:

¢ YOR Navigation Receiver
e OME Recetver
~. e VHF NAY Control Unit

The VOR navigation receiver accepts VOR grounc-station transmission signals in
the frequency range 108,00 to 117.95 MHz to supply the digital VOR bearing of
the aircraft to the st *jon, Selection of the frequencies associated with each
VOR station is provided by the control unit. The DME receiver interrogates the
DME ground station by transmitting pulse pairs, and the station responds to a
number of these interrogations. For a colocated VOR and DME, the VOR/LOC fre-
quencies in the range of 108.00 to 117.95 MHz and corresponding OME frequencies
are paired. Therefore, selecting the VOR frequency will automatically provide
the corresponding OME frequency for the range data.
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The VHF navigation control unit shown in Figure 4-55 is mounted on the
cort console, The COMM portion of this unit, with the associated dual control
knob located on the left side, is not used for V/STOLAND operations. The dual
control knob on the right side provides the means for selecting the VOR fre-
quencies which are displayed in the NAV window. Colocated DME frequencies are
also selected by this control. The VOL knob controls the navigation ident audio
selected by this control. The VOL knob controls the navigation ident audio
level., The selectable positions of the NAV switch have the following meaning:

e NAV - Only the VOR (digital) receiver is on,

e STBY - The VOR (digital) and DME receivers are on, but the OME cannot
transmit.

e DME - Same as in STBY, but the DME can transmit. Range search is
limited to 200 miles. This position is used for V/STOLAND navigation.

o DVRD - This position allows the DME to search over a 400 mile range.
This position is not generally used since it extends the OME acquisi-
tion time.

The NAV test switch is a three-position switch, spring-loaded tc return
to center. It is used for self-test of the VOR and DME receivers during
preflight.

4.13.3 MLS
The MLS navigation set consists of the following items of equipment:

MLS Angle Receiver (azimuth and elevation)
MLS Receiver (range)

MLS Receiver Control Unit

MLS C-Band Antenna Switch Module

MLS Frequency Select Switch

MLS Range BIT Switch

The MLS angle receiver accepts MLS azimuth and elevation signals from these
respective ground stations, providing localizer and glide slope information to
the V/STOLAND system. Selection of the channel to which the angle receiver is
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tuned to receive this data is provided by the MLS receiver control unit. The
MLS OME receiver interrogates the MLS range transmitter ground station by trans-
mitting pulse pairs, ard the station responds to a number of these interroga-
tions. The MLS OME receiver on the XV-15 aircraft may be tuned only to two
frequencies via the MLS frequency-select switch {location undetermined at the
time of this writing). The two frequencies to which the MLS range receiver may
be tuned are associated with the MLS DME transmitter at Crow's Landing and the
VOR/DME station at Woodside, California near Moffet Naval Air Station, In
flight, the MLS frequency select switch should be in the "Crow's Landing" posi-
tion in order to receive MLS range data. During preflight at Moffet Field, this
switch should be placed in the "Moffet Field" position in order to receive DME
data while at the Naval Air Station.

The MLS receiver control unit controls the operation of the MLS angle
receivers. A line drawing of this unit is shown in Figure 4-5%6, Table 4-8
describes the functions of the controls on this panel. During V/STOLAND opera-
tion, the mode-control switch should be in the ON position, During preflight
test, the test button on this panel will be pressed. Otherwise, the state of
this panel is irrelevant to V/STOLAND operation.

4,13.4 Inertial Navigation System

The INS aboard the XV-15 aircraft is a Litton LTN-51 system consisting
of the following items of equipment:

e Inertial Navigation Unit
e Mode-Selector Unit (MSU)
e Control/Display Unit (CDU)

A1l INS equipment is located on the flight rack of the XV-15 aircraft, and is
inaccessible by the pilots from the cockpit.

The MSU is located on the non-aircooled rack, and is shown in a line
drawing in Figure 4-57., This unit consists of a five-position, mode-selector
switch and two annunciator lights. The mode-selector switch is detented in the
NAV position to prevent the INS from being inadvertently switched out of the
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navigate mode. The knob must be pulled away from the MSU panel before the
mode-selector switch can be set out of the NAV position. The mode-selector
switch and annunciator lights perform the following functions:

o OFF - Power is applied only to the MSU and COU edge 1ighting. INS
primary power is off.

¢ STBY - In standby, INS primary power is ON and the COU is operated to
perform display test and to insert the aircraft's present position.
An automatic alignment sequence starts, during which the platform
cages to the aircraft's axes and platform temperature stabilization
and gyro run-up are initiated.

e ALIGN - The automatic alignment sequence continues and a platform
alignment sequence is initiated. When the automatic alignment
sequence is completed, the READY NAV (Ready to Navigate) annunciator
comes on to indicate that the navigate mode may be selected by setting
the mode selector switch to NAV. The aircraft must not be moved when
the mode-selector switch is set to ALIGN. However, qusty wind
conditions and movement caused by fueling or cargo and passenger
loading do not significantly affect alignment.

e NAV - In navigate, the aircraft may be moved and normal in-flight
operations are performed. Note that if the mode selector switch is
moved out of the NAV position, the INS navigational capability is lost
and an alignment must be performed on the ground.

e ATT REF - In attitude reference, the INS provides pitch, roll, and
platform heading outputs only. No navigational capability exists, and
COU numerical displays are blank.

o READY NAV ANNUNCIATOR (GREEN) - Comes on when the INS has completed
alignment and is ready for navigating.

e BATT ANNUNCIATOR (RED) - Comes on when backup power is less than the
minimum required to operate the INS. Must be pressed to reset to OFF
when power is restored, or will remain on as long as sufficient power
to light the annunciator lamp is available.
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TABLE 4-8
MLS CONTROL PANEL CONTROLS/INDICATORS

No. Function

1 These three pushbutton digital switches select the azimuth radial
used to compute azimuth angle deviation. They range from LOO to L49
and ROO to R49 in 1 degree increments. Only angles between L40 and
R40 are usable. Angles that exceed this range are converted to
efither L40 or R40. "L/R" means left or right.

2 Test junction that generates a L/U (left/up) or R/D (right/down)
: indicator deflection on the CDI.

3 These three pushbutton digital switches select the glide slope used
to compute elevation angle deviation. They range from 00.0 to 19.5
degrees in increments of .5 degree. Only angles between 2 and 15.5
are usable. Angles exceeding this range are converted to either 2
or 15.5 degrees.

gl

4 If a glide slope is selected that is below the minimum recommended
for the landing site, the minimum glide slope indicator will flash
at a 1 Hz rate.

5 This switch in VORTAC sets the DME in a standard operating mode.
OFF removes all power. DME is reserved for future use. ON applies
power to angle receiver and transfers the DME from the VORTAC mode
to a precision approach MLS mode.

6 These three pushbutton digital switches select the channel that the
MLS angle receiver is on. Their range is from 000-199, dedicated to
commercial channels. These are coded in standard 2 of 5 coding.

7 Indicates a failure in the angle receiver.

8 This 500-ohm potentiometer adjusts the audio volume of the Morse

code (station identification).

The INS Control Display Unit (CDU) is located on the non-aircooled rack
and is illustrated in Figure 4-58. This unit controls the operation of the INS
during flight and allows the examination and entry of data in the INS computer.

Data generated by the INS is not used in the Basic computer. Hence, the
states of the MSU and CDU are irrelevant to V/STOLAND operation while in a Basic

mode. However, in preflight the INS system is tested and aligned, and the pre-
flight procedure indicates the selections that must be made on the MSU and CDU.
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4,13.5 Radio Altimeter
The Radio Altimeter System consists of the following units:

e Radio Altimeter (Bendix, ALA-51A)
o Altimeter Indicator (Bendix, INA-51A)
e Antenna (2) (Bendix, ANA-51D)

This system provides afrcraft altitude in the range O to 2500 feet, and
is displayed by the altimeter indicator. The radio altitude data ifs blended
with barometric altitude between 400 and 200 feet of altitude. Below 200 feet,
radio altitude is used exclusively for navigation.

4,13.6 Doppler Radar

At the present time, the equipment associated with the Doppler radar has
not been defined by the Government.

4,14 THE INSTRUMENTATION SYSTEM

The Research Instrumentation System consists of all instrumentation,
including transducers, data acquisition system, and tape recorder to measure and
record the aircraft systems' performance during flight.

The Research Instrumentation System, illustrated by the block diagram of
Figure 4-59, operates as follows. Data from the transducers are forwarded to
the Remote Multiplexer/Digitizer Unit (RMDU) which provides the signal condi-
tioning for the transducer, adjusts signal gain to programmed value, converts
analog data to digital form, and encodes the data into a Pulse Code Moduiatiecn
(PCM) serial bit stream. Transducer excitation (if required) is supplied from a
separate low-voltage (*3V) power source. Two 64-channel preamplifier filters
are available to condition the transducers which require special filtering or
amplification. An additional active network panel may be used to condition or
process transducer signals that have characteristics which do not readily match
the interface requirements of the RMDU. A time-correlation base for the total
system is supplied from a time-code generator, with a remote time display
mounted on the pilot/copilot instrument panel. All data2 are recorded on a
standard airborne magnetic tape recorder. An interface is available for
inflight transmission of data from one RMDU via L-band telemetry. The following
paragraphs describe the principal components of the system.
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4.14,1 Remote Multiplexer/Digitizer Unit

The Remote M:1tiplexer/Digitizer Unit (RMDU), designed and manufactured
by Teledyne Controls, receives transducer signals in analog or discrete/digital
form, conditions/normalizes and multiplexes the input data, converts the analog
data to a digital format, and outputs the data in a PCM format. Each unft can
accept up to 256 channels of data, with a serial output of up to 131,000 words
per second. This word rate cannot be utilized by the system due to a tape
recorder limitation (single-track capacity of 40,000 words per second at 30
inches per second tape speed).

The RMDU 1s configured for flight by inserting printed circuit cards
which interface with the transducers into any of ten card slots. A wide variety
of interface cards are availaole which are compatible with most aircraft trans-
ducer signals., Included in the system is a programmable gain amplifier which
provides for eight preselected and programmable gains to amplify signal strength
to #5 volts, full scale (gains from £10 MV to 10V full scale).

The RMDU is programmed for frame format, word rate, and gain by a Stand-
alone Timing Module (STM) which is preprogrammed on a ground-based PROM program-
mer. The STM provides PCM outputs of serial NRZ to a telemetering transmitter
and serial biphase level to the tape recorder.

4.,14,2 Preamplifier Filter Unit

A preamplifier filter unit is also available for the system. This unit
is used for low-level signals that require extensive filtering., The unit pro-
vides for 64 channals, with a gain from 128 to 1024 and a three-pole active low-
pass filter.

4,14,3 Tape Recorder

The tape recorder is an Astro-Science (Bell & Howell) Airborne wideband
FM recorder Model MAR S 1414 (LT)-3D. This unit is a 14-track analog recorder
which takes a 14-inch reel of magnetic tape. A PCM bit stream from each RMDU,
the time code generator output, and the pilot's voice are recorded on separate
tracks. The remaining tracks are used to record active network channel outputs,
if required. The tape recorder is the limiting item in the system due to its
bit-packing density limitation related to the amount of tape available, speec of
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recording, and length of record required for flight testing. The above recorder
may be operated at 30 inches per second, a record rate of 40,000 words (12-bit
words) per second, which allows approximately 1 hour of full-time data record-
ing. A Miller code 1s used to achieve this word rate capacity. However, the
tape recorder may also be operated at seven inches per second, thereby extending
inflight recording time to 4 hours by reduced data rates.

4,14.4 Time-Cnde Generator

The time-code generator is a Datametrics Model SP-375 Airborne Synchro-
nized Generator with integral battery pack which produces an IRIG-8 output for
recording on the tape recorder and provides both a local a~d remotely mounted
pilot's display. This unit can be synchronized with Radio Station WWV (time-
standard station), and acts as the time base for the res#arch instrumentation
system,

4.15 SUPPORT EQUIPMENT

Several items of ground-support equipment are ancillary to the operation
of the V/STOLAND airborne system. They are:

¢ Airborne Hardware Simulator (AHS)
e Peripheral Controller (PERCON)

¢ Portable Loader

¢ 18198 Contral Panel

e Infoton Terminal (CRT)

¢ Simulation 8ench

4.15.1 Airborne Hardware Simulator

The XV-15 AHS is designed to interface a Simulation computer with the
V/STOLAND Data Adapter, thereby allowing the V/STOLAND system to operate in the
simulation environment. Basically, the ARS converts digital data from the Simu-
lation computer into the appropriate analog, discrete, serial digital, synchro,
or parallel digital data formats accepted by the Data Adapter. In addition, the
AHS converts data in the analog and discrete data formats from the Data Adapter
into parallel digital data which is sent to the Simulation computer. The AHS
also has the capability for the Simulation and Basic computers to communicate
directly with each other via a digital-to-digital interface,
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Figure 4-60 shows front, side, and rear views of the AHS. The elec-
tronics are contained in two drawers in the cabinet. The upper drawer has a
control panel mounted on fts face which allows the operator to examine data
being received or transmitted by the AHS on the data 1ines between it and the
Simulation computer. Detafled specifications for AHMS operatfon, maintenance,
and signal formats are provided fn the following documents, respectively.

Document Title

§720-1068 Performance Specification for
Afrborne Hardware Simulator

5720-MM 1068 Component Maintenance Manual
for Airborne Hardware Simu!itor

.- V/STOLAND XV-15 Laboratory
Simulation Document

4.15.2 Multiport Peripheral Controller

The XV-15 Peripheral Controller (PERCON), shown in Figure 4-61, is
designed to interface two 18198 computers to the following peripheral devices:

untaaibifdioninens

e HP7970 Reel Magnetic Tape Transport !
e Kennedy 4345 Cartridge Tape Transport
e Data Products 2310 Line Printer
¢ Documentation M-300 Punched Card Reader
, ¢ Infoton or Teletype

These five interfaces are mounted in the upper drawer labeled "Multiport Peri-

; pheral Controller,"” shown in Figure 4-62. Five lights mounted on this drawer
| have the following labels: |

e Line Printer

e CRT KYBD

e Card Reader

e Cartridge Mag Tape
o Reel Mag Tape
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XV-15 Airborne Hardware Simulator
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XVY-15 Multiport Peripheral Controller
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These tights inaicate the active peripheral device. Four additional pushbutton
1ights mounted on this drawer annunciate to the computer which PERCON is com-
municating, and allow the operator to manually select the port that has access
to the peripheral devices. Detailed specifications for the operation of the
PERCON are contained in the following document.

Document Title

5720-1069 Performance Specification for
Multiport Peripheral Controller

4.15.3 Portable Loaders

Two available portable loaders enable programs to be loaded into or
dumped from an 1819A or 18198 computer. These loaders perform essentially the
multiport peripheral controller function described in the previous paragraph.
The larger portable computer loader (Figure 4-63) is mounted on a truck for
conveyance to the aircraft location. It allows an 1819A or 1819B computer to
comunicate with the following peripheral devices:

e HP7970 Reel Magnetic Tape Transport

e Kennedy 4345 Cartridge Tape Transport
e Data Products 2310 Line Printer

¢ Infoton or Teletype

Space is provided to mount an 1819A or 18198 control panel and a Kennedy 4345
dual cartridge tape transport. Oetailed specifications for the operation and
maintenance of this portable loader are found in the following documents:

Document Title

5442-1050 Performance Specification for
1819A/18198 Computer Loader

544-CMM1050 Component Maintenance Manual for
1819A/18198 Computer Loader
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The smaller portable loader (Figure 4-64) weighs less than 100 pounds,
and can be hand-carried to the aircraft location. It is commonly known as the

"Flight Line Loader." It allows an 1819A or 18198 computer to communicate with
the following peripheral devices:

¢ Kennedy 4345 Cartridge Tape Transport
e Data Products 2310 Line Printer

e Infoton or Teletype

A Kennedy 4345 cartridge tape transport unit is included in the same cabinet
with this device. Detailed specifications concerning the operation of this
device are included in the following document:

Document ] Title

5710-1065 Performance Specification for
Portable Peripheral Controller
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SECTION V
DESCRIPTION OF SYSTEM SOFTWARE

5.1 GENERAL DESCRIPTION

' The XV-15 V/STOLAND software package is divided into the following set of
\ software modules for the purposes of software specification, documentation,

development, and test.
} ¢ Basic Executive and General Use Routines

e Data Files and I/0 Processing

¢ Guidance and Control

e Navigation

¢ Panels and Displays

¢ Failure Monitoring

o Preflight Test

¢ Research Computer Executive and 1/0

Also supplied with the package are general-use library routines (filters,
integrators, etc), a short utility program, and the data files utilized by all
modules. All but the Research Computer Executive and 1/0, and the major share
of the Preflight Test program, are resident in the Basic computer.

The supplied Basic computer software occupies essentially alil of the 16,384
words of core in the Basic computer, with only 176 words of spare memory, as
summarized in Table 5-1. The distribution of the 86 software sections in the
four 4K memory banks is given in Table 5-2 (for the 19 June 78 listing).

The following software modules are described in this section to a greater
extent than the rest of the software.

e Basic Computer Executive

¢ Guidance and Control

¢ Navigation

¢ Failure Monitoring and Diagnostics

Other software functions have been described to a lesser extent in Section
I11, Summary of System Capabilities, or in connection with the hardware
descriptions in Section 1V.
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TABLE 5-1
TOTAL CORE USAGE
Bank Core Used | Spare | Bank Total
0 3995+ 101 4,096
1 4,068 28 4,096
2 4,091 5 4,096
3 4,054 42 4,096
Totals 16,208 176 16,384
*Includes 128 for dedicated lower core.
TABLE 5-2
XV-15 BASIC COMPUTER CORE MAP
(19 June 78 Listing)
Location Range | Core
Bank | Section Description (octal) Used
0 3 Basic Executive and Associated 200 - 707 328
Routines
4 Assigned Memory Locations Executive 710 - 722 11
Program Variables
5 Tabular Data 723 - 1524 386
Filter Tables
Integrator Tables
Math Tables
6 Keyboard Tables (Refer) 1525 - 1730 132
7 Kayboard Tables (Modify) 1731 - 2014 52
8 Input Data From Research Computer 2015 - 2404 248
(Refer)
9 Input Data From Research Computer 2405 - 3000 252
(Modify); Output Data to Research
Computer
10 Discrete Output Data 3001 - 3100 64
11 Simulation [/0 Buffers 3101 - 3155 45
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TABLE 5-2 (cont)

Xv-15 BASIC COMPUTER CORE MAP
(19 June 78 Listing)

Location Range | Core %
Bank | Sectfon Description (octal) Used 1
12 Messages 3156 - 3605 280
13 Configuration Speed Control Tables 3606 - 3631 20
14 DDAS Buffer Variable Address and Shift | 3632 - 3771 96
Code Table 1
(Spare Core) 3772 - 3177 (6) {
15 Data Adapter Status Word 4000 - 4000 1 E
16 Executive Reference Addresses 4001 - 4002 2 ‘
17 General Temporaries 4003 -~ 4016 12
18 Math Temporaries 4017 - 4024 6
(Spare Core) 4025 - 4027 (3)
19 Digital Inputs (Modify) 4030 - 4157 88
20 Digital Inputs (Refer) 4160 - 4402 147
2l Bank 0 Indirect Table 4403 - 4437 29
(Spare Core) 4440 - 4441 (2)
22 Doppler Radar OMA Inputs 4442 - 4467 22 |
(Spare Core) 4470 - 4475 (6)
23 Doppler Radar DMA Inputs 4476 - 4477 2 i
24 Addresses for Guidance Land and FMA 4500 - 4532 27
Display
(Spare Core) 4533 - 4535 (3)
26 Theta and Power Lever Predict Tables 4540 - 4564 21
{Spare Core) 4565 - 4575 (9)
27 Spare DMA (Spare 6-Wire) ' 4576 - 4577 2
28 INS No. 2 4600 - 4637 32
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TABLE 5-2 {cont)

XV-15 BASIC COMPUTER CORE MAP

(19 June 78 Lis%ing)

Bank | Section Description Loc?:l::]?ange 8:::
0 29 INS No. 3 4640 - 4663 20

(Spare Core) 4664 - 4675 (10)
30 INS No. 3 4676 - 4677 2
31 Land Data 4700 - 4757 48
32 Configuration Analog Command Table 4760 - 4771 10

(Spare Core) 4772 - 4117 (6)
33 Digital Instrumentation Buffers 5000 - 5277 192
34 16-Segment Display Character Set 8300 - 5377 64
35 MFD Output Buffer 5400 - 5577 128
36 FMA, DED and MSP Output Buffer 5600 - 5763 116
37 Theta and Power Lever Predict 5764 - 5773 8

Variables

(Spare Core) 5774 - 57177 (4)
38 Analog Input Data 6000 - 6077 64
39 Octal Constants; 6100 - 63563 180

Decimal Constants;

Degree Constants

(Spare Core) 6364 - 6377 (12)
40 Analog Qutput Data 6400 - 6431 26
41 Reference Flight Path Data 6432 - 6471 32

(Spare Core) 6472 - 6477 (6)
42 Discrete Input Data 6500 - 6507 8

(Spare Core) 6510 - 6517 (8)
43 Discrete Output Words 6520 - 6523 4
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TABLE 5-2 (cont)

XV=15 BASIC COMPUTER CORE MAP
(19 June 78 Listing)

Initiates)

Location Range | Core
Bank | Section Description (octal) Used
0 44 Variables 6524 - 6655 90
45 Flags, Valids, Timers, Oirectors, and 6656 - 7553 446
Intermediates
46 Labeled Constants 7554 - 7745 122
(Spare Core) 7786 - 7777 (26)
1 47 Failure Monitoring 10600 - 11222 659
48 Fast Navigation 11223 - 11640 270
49 Slow Navigation 11641 - 13433 891
S0 General Use Routines 13434 - 13736 195
51 Data Entry Keyboard 13737 - 16251 1227
52 | Mode Select Panel | 16252 - 17313 | 546
53 FMA 17314 - 17665 234
I 54 Guidance Basic/Res Command Reference 17666 - 17742 45
! Selection
i 55 Bank 1 Indirect Table 17743 - 17743 1
! (Spare Core) 17744 - 17717 (28)
2 56 | HSI and A0 20000 - 20166 | 119
57 MFO Temporaries 20167 - 20174 6
58 MFD Data (Modify) 20175 - 20366 122
;99 i MFD Constants 20367 - 20423 23 |
E 60 | MFD Data (Refer) E 20424 - 22013 | 760 2
.8 Movable Helix Trajectory Data i 22014 - 221267 | 76 |
62 MFD Program | 22130 - 25313 | 1852 i
63 1/0 Routines (Interrupts and DMA ! 25314 - 25864 | 105 |
|
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TABLE 5-2 (cont)

5 BASIC COMPUTER CORE MFA
(19 June 78 Listing)

Location Range | Core

Bank | Section Description (octal) Used

2 64 1/0 Temporaries 25465 - 25467 3

65 1/0 Decode and Encode 25470 - 26375 454

66 DDAS Routtine 26376 - 26447 42

67 Guidance Basic/Res Control Selection 26450 - 26717 168

58 Guidance Research MSP Switch Servicing | 26720 - 26760 33

69 Guidance Research Control Storage 26761 - 27027 39

70 Guidance Basic/Res Made Director 27030 - 27112 51

Selection |

n Guidance Research Mode Director 27113 - 27146 28
Selection : i
| 72 Simulation Interrupt Service Routine %27147 - 27161 11 |

| 73 Simulation 1/0 Routines 27162 - 27240 47

% 74 | Buffer of Strip Chart Variable 21241 - 27304 36

i Addresses '

% 75 Barcmetric Altitude Table 27305 - 27766 306

; (Spare Core) 21761 - 21773 | (5)

} 76 |Bank 2 Indirect Table 21774 - 27777 4

3 | 77 |Guidance and Control Executive 30000 - 30013 | 12

: % 78 Guidance Preset Initialization 30014 - 30046 27
Y Guidance MSP Switch and Button 30047 - 30713 | 421 |
| g }Servicing ;
! g 80 Go-Around Routines 2714 - 30773 48 }
! { 81 Guidance MSP Display Servicing 30774 - 31455 | 3G6 |
‘ t, 82 Guidance Comqutations 31456 - 35254 1919 j
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TABLE 5-2 (cont)

XV-15 BASIC COMPUTER CORE MAP
(19 June 78 Listing)

T ST T ATE GRS anw it rec s e

hieara-a Fovt )

Location Range | Core

Bank | Section ' Description (octal) Used

3 83 Guidance ADI and HSI Deviation 35255 - 35413 95
Computations

84 Control Computations 35414 - 37513 1088

85 Flight Director Computations 37514 - 37706 123

86 Bank 3 Indirect Table 37707 - 37725 15

(Spare Core) 37726 - 3717717 (42)

5.2 THE BASIC COMPUTER EXECUTIVE

requirements

software modules.

e Power-up initialization of the total system

¢ Sequencing the different software modules
o Interfacing with the simulation computer
e Interfacing with the 18198 control panel

e Handling the different types of interrupts

and individual execution times. For example, the output to the MFJ
occu.s over most of the 50-millisecond computation cycle and, hence, the ou:iput
to the MFD is initiated before the execution of other modules.
cesigned to operate in both the airborre and simulation environments.

The Basic Computer Executive module controls and sequences all other
Specifically, it has programming for:

¢ Initiating data transfers on the available channels of the 18198

execution of the modules, a power-up initialization is performed.

P P T v

¢ Initiating the BITZ in the Basic computer during preflight and in-flight,
and processing the other preflight-related data from the Research
computer.

The various modules are assigned priorities for execution, based on module data

The Executive is
Prior to
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5.2.1 Power-Up Initialization

A power-up initialization routine is called when power is first applied
to the computer. This routine sets up the interrupt lockout mask and the
interrupt entrance addresses, initializes the register save push/pull stacks,
zeros the 1/0 buffers, blanks displays, and initializes flags, filters, timer,
intermediates, and all other remaining data that requires initialization.

For example, the Data Entry Keyboard (DEK) letter/number pushbutton is
initialized in the LETTER mode at power-up. The AUTO and Flight Director Guid-
ance and Research mode flags are initialized to zero. The MFD flags are
initialized at North-up and 5 nautical miles per inch. The real-time Clock is
initialized to T-1, and the Executive sequenting flags are initiated to zero.
Also, the interrupt lockout mask is set so that only real-time Clock interrupts
are enabled.

When initialization is completed, the program will then proceed to the
deadtime routine to await a real-time Clock interrupt. In the simulation
environment, the deadtime routine consists of a real-time Utility program. In
the aircraft environment, the program goes to a wait loop.

5.2.2 Software Sequencing and Timing

The control and sequencing of the execution of the various modules of the
XV-15 V/STOLAND software are implemented in the moduie TIMER. The various
modules are assigned priorities for execution, based on moduie data requirements
and individual execution times. For example, the output data transfer to the
MFD requires approximately 45 milliseconds and, hence, the data should not be
computed any more often than that.

The basic program cycle time T has been implemented as an explicit
parameter so that it can be easily modified without requiring revision of
parameters in integrators and filters (which are programned as functions of T).
The nominal cycle time T is 25 milliseconds. Sequencing programming is designed
so that various module iteration rates may be at cycle time periods of T, 2T, or

7. An overall timing diagram is shown in Figure 5-1.
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The various iteration rates are provided by routines that are structured
so that the execution time can be evenly distributed over several cycles.
Subroutine RTNIT is executed in the fastest loop and used to call routines
? requiring minimum turnaround time. Functions included in this loop are:

o Fast Navigation
e Open Research Input Buffer
e Initiate Discrete Inputs
! o Analog Input Decode
' e Discrete Input Code
| e Output to Research Computer
. e Service MSP Pushbuttons and Slew Switches
1 e Pack MSP and HSI Digital Outputs
, e Failure Monitoring
| e Guidance and Control
o Instrumentation Output Encoding
e Discrete Output Encoding
e Analog Output Encoding

- T

Subroutines RTN2TA and RTN2TB provide cycle time of 2T, and are alter-
nately called every execution cycle. Routines not requiring minimum turnaround
time are <istributed between these two routines. Functions included in the 2T
loops are:

V e Initiate ILS and TACAN Inputs

| e Digital Input Decode

e Slow Navigation

¢ [nitiate Ouptuts to MSP, FMA and DED
e MFD

Subroutines RTNATA, RTNATB, RTN4TC, and RTN4TD are contained in the 4T
loop, and are evenly spaced through a period of four execution cycles.
Routines involving extra computation time and/or slow iteration rates are called
from one of these subroutines. Functions included in the 4T loops are:

e Data Entry Keyboard

e MSP Pushbutton Lighting
e FMA

e HSI and ADI
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The Executive has a provision which allows individual cycle times to
exceed the basic cycle time T. As long as program execution does not fall more
than one basic cycle time behind, the program will continue to cycle. If it
falls more than the one basic cycle time behind, program execution will stop in
the simulation environment. In the aircraft environment, EXCESSIVE CYCLE TIME
will appear on the FMA, the autopilot will disengage (if engaged), and the
program will start a new compute cycle. The average cycle time is monitored in
this manner,

Routines may also be executed during "deadtime," that is, during the time
left over at the end of each execution cycle. Deadtime routines are entered
into automatically at the end of each execution cycle, provided there is time
remaining during that particular compute cycle. When a deadtime routine is
interrupted by the real-time Clock, the state and location of the program at the
interrupt point is saved so that the deadtime routine may be entered at the same
point when additional time is available in the next cycle.

For simulation and development purposes, a real-time Utility program is
called during deadtime when the system is in the simuiation environment (Skip
Key 2 set). In the aircraft environment, deadtime consists of a simple wait
loop.

5.2.3 Interrupt Handling

Real-time Clock, Fault, Power, Research Input Monitor, and Simulation
Computer interrupts are handled by the Basic Executive.

o Real-Time Clock Interrupts - Real-time Clock interrupts are serviced by
the TIMER routine at a frequency determined by the cycle time period T as
previously described. This servicing routine is the beginning of the main flow
of the Executive program. When preflight test is not in progress, normal
software module sequencing is initiated.

e Fault Interrupts - When a Fault interrupt occurs the STRSTP routine is
called which first stores the processor registers in designated core locations
and then stops execution.
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¢ Power-Fail Interrupts - Power-Fail interrupts are also serviced by
STRSTP. In addition, the computer powers itself down {after a delay). When
power is again acceptable, the machine will power itself back up and then go
through the power-up initialization.

o Research Input Monitor Interrupts - The Input Monitor interrupt on
Channel 0, indicating completion of the research input buffer into the Basic
computer, is enabled uuring power-up. When such an interrupt occurs during
program execution it is serviced by the CH@MNI routine. If the preflight is
engaged (PFTENG#0), the CHOMNI routine will initiate one of three additional
input buffers from the Research computer on each of the first and subsequent
input monitor interrupts. These input buffers from the Research computer
consist of (1) output to the panels (DED, FMA, MSP), (2) analog outputs, and (3)
discrete outputs.

The first two buffers are initiated with monitor to cause additional
interrupts. The discrete output buffer is initiated without monitor, and no
further input monitor interrupts will occur until the next compute cycle. Once
these buffers are input in any given compute cycle, no more research input
buffers are initiated until the research input with monitor is initiated in the
rext compute cycle.

e Simulation Computer Interrupts - When the airborne program is executed
in the simulation environment, Channel 1 interrupts from the Simulation
computer are enabled. When these interrupts occur (approximately at Tg, the
simulation fast-loop cycle time), they are serviced by the SIMIO routine which
performs the following functions:

e Stops all ongoing Channel 1 I/0 activity

¢ Generates an external function transfer out on Channel 1 to clear the
U/D interface between the Airborne and the Simulations computers.

¢ Initiates input and output buffers on Channel 1 for D/D transfer
between computers.

¢ Forces the first output word to the Simulation computer (only
required if Simulation computer is an 18198).
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5.2.4 Preflight Test

At the beginning of the Basic Computer Executive routine, TIMER, the
preflight test executive is called if the preflight test has been engaged in the
Research computer. The preflight test executive calls the program modules
required in the Basic computer. In this branch the real-time airborne BIT is
called. Should real-time BIT fail during preflight test, program execution will
stop. ODuring preflight test, the normal Basic software module sequencing is not
executed.

5.2.5 MFD Qutput Timing

The Data Adapter requires approximately 45 milliseconds to transmit the
MFD data computed in one cycle to the MFD Symbol Generator, and initiation of
new MFD output before the previous output is completed results in undesirable
“jumps" in the MFD display unit's image. The Basic Executive incorporates logic
to circumvent this problem in both the Basic and Research MFD modes.

5.3 GUIDANCE AND CONTROL

5.3.1 General Description

The Guidance and Control (G&C) function of the V/STOLAND system provides
visual commands to the pilot and/or automatic commands to the aircraft control
system which guide the aircraft in accordance with the guidance modes described
in the following paragraphs. The visual commands go to the Attitude Director
Indicator (ADI) and Horizontal Situation Indicator (HSI) instruments, displaying
vertical and lateral deviations from the reference paths, and Flight Director
commands to aid the pilot in obtaining coordinated and safe capture and tracking
of the paths. The automatic (autopilot) commands go to the aircraft Force-Feel
System (FFS) for pitch, roll, and yaw control, to the power lever servy, thz
pylon conversion system, the RPM control system, and to the flap controls to
provide total hands-off automatic control. Selection of the operating
configuration and guidance mode is made via the Mode Select Panel (MSP).

5-13
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The G&C function may be operated in three basic flight control configura-
tions: Manual, Flight Director, and Autopilot. The Flight Director and Auto-
pilot configurations may be engaged independently on the MSP, and the Manual
configuration is in effect when neither the Flight Director nor the Autopilot
have been engaged.

In the Manual configuration, deviations from the selected heading or
navaid references (radial, glide slope) are displayed on the ADI and HSI. The
Autopilot or Flight Director must be engaged to be able to display deviations
from the programmed 3D flight-path references.

The Basic computer G&C software performs the mode control and initializa-
tion necessary to transition between the various configurations and modes, based
on commands from the MSP and automatic mode transition tests. It also performs
the basic control law computations to generate the Autopilot, Flight Director,
and Indicator commands.

G&C computations may aiso be performed by the Research computer.

An important objective in designing the G& software was to provide
flexibility for modification of the control laws, which is highly desirable for
a research system. Therefore, the software is structured to facilitate control-
law modifications by maintaining explicit parameter storage for all gairns,
limits, thresholds, etc, and also by adhering to structured programming methods.
Inflight modification of parameters via the keyboard and research mode
capability also contribute to this objective.

The top-level organization of the Guidance and Control program is shown

in Figure 5-2. Major signal paths as well as inputs and outputs to each module
are also depicted in this diagram.
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Proper operation of the program depends on the calling sequence of the
basic modules, listed in calling order as follows:

i 1. MSP Switch and Button Servicing
3 2. MSP Display Servicing
; 3. Basic/Research Mode Director Selection
' 4, Guidance Computations
5. HSI and ADI Deviations
[ 6. Basic/Research Command Reference Selection
' 7. Control Computations (includes configuration control)
8. Flight Director Command Computations
9. Basic/Research Control Selection

This calling order was selected to guarantee minimum delay from inputs to
outputs for the Guidance and Control program.

The pilot's inputs to the MSP panel are detected and serviced in the

* MSP switch and button servicing module which sets flags that are used throughout

» the G&C program to indicate the baseline status of the program, i.e., Basic or
Research Autopilot engaged (positive or negative APENG), Flight Director engaged
(FLTDIR), or manual Flight Director (FDONLY). The basic mode directors are
changed by this module in response to modes selected at the MSP. When the slew
switches on the MSP are activated, the keyboard program changes the appropriate

' MSP display values. The MSP switch and button servicing module detects the
changes in the MSP displays (via display change flags set by MSP program) and
sets a 30-second timer used by the MSP display servicing module (described in
the following paragraph) which causes the MSP displays to blink. The MSP switch
and button servicing module also sets the basic control ENABLE flags when the
autopilot is engaged.

] The MSP display servicing module contains MSP display contrul and storage

| logic. In the manual mode, the displays are blanked. When a future guidance
reference (selected via slew switch) is displayed, the associated dispiay

" blinks. If a mode is engaged or armed (associated MSP button 1it), the M3P

display servicing module stores an associated reference value in the appropriate

MSP display window. Otherwise, an actual value is stored in the display window.
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The Basic/Research mode director selection module stores basic or
research mode directors into the current mode directors as a function of
Basic/Research mode operation. The current mode directors determine which basic
gquidance modes are called in the Basic guidance computation module. It is
therefore possible for the Research computer, in a research mode, to control
which basic guidance laws are computed.

The Basic guidance computations module computas the VL and LD guidance
laws described in the following paragraphs. Each guidance mode computation
subroutine contains first-pass mode synchronization logic and mode progression
or reversion (fallback) logic, 1f any, and may therefore modify the basic mode
directors.

The HSI and AD! deviations module picks up guidasce errors computed in
the Basic guidance module and rescales the error for output to the HSI and ADI
course and vertical deviation indicators. Logic is also included that gives
armed mode deviations higher priority when armed and engaged modes coexist.

The Basic/Research command reference selection module stores basic or
research guidance references into current references which are used by the Basic
VL, LD control laws module and the MSP display servicing module. Split or
combined VL/LD reference storage {(as a function of the Research computer-
controlled RVLGAC and RLDGAC flags) is possible. These flags allow the Research
computer to drive the basic control laws, as a research mode of operation.

The Control computations module (includes the Configuration control
module) computes the basic VL/LD control and configuration ccatrol laws as
described in subsequent paragraphs. Outputs of this module consist of basic
commands to the force-feel system (pitch, roll, and yaw) and power lever, and
basic configuration commands (rpm, pylons, flaps). This module also computes

- the system airspeed limits as a function of aircraft configuration.

The Flight Director com:and computations module computes the flight
director control laws as described in subsequent paragraphs. Outputs of this
module consist of basic pitch, roll, and power-1:ver indicator deviations which
go to the AD! whenever the basic Flight Director mode is on.
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The Basic/Research control selection module stores basic or research
VL/LD control commands, configuration commands, flight director commands and
control enable flags into output values to the vehicle control system. In
Research Autopilot or Flight Director modes, split or combined VL/LD command
" storage is controlled by the research-generated RVLGAC and RLDGAC flags. VL, in
: this case, includes all configuration commands. When the Autopilot and Flight
Director modes are off, the Basic/Research control selection module clears ail
autopilot and flight director output commands.

The system is onerational whenever power {s engaged at the V/STOLAND
circuit breaker panel. The Multifunction Display (MFD) comes up in the North-Up
mode, with a scale factor of 5 nautical miles per inch, and the Manual system
configuration is in effect. The FMA annunciates the aircraft confiquration as
well as the system operating configuration.

The operating configurations and the guidance modes are selected on the

Model Select Panel (MSP) located at top of the center console, and illustrated
in Figure 5-3.

The Basic Autopilot mode is engaged oy moving the solenoid-held A/P :tiG
switch to the BASIC position. However, the Autopilot will engage and remain
engaged only if all of the following conditions are met:

1. All FFS channels are engaged and valid

2. Al1 SCAS channels are engaged and valid

3. SCAS attitude retention is not engaged

4, The RPM governor is valid

5. There is no manual pylon conversicn command

6. The computer monitor discrete is valid

7. The software monitor discrete (ENAUTO) is valid

5-18 1




Figure 5-3
Mod2 Select Panel
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In order to enable any Research mode, RES = n must be entered via the
keyboard, where n is a non-zero number. This number is transmitted to the
Research computer, and may be used to select amcng several research modes in the
Research computer. If RES # 0, the following research modes become engaged when

the associated flags are set by the Research computer:

o RESAH Reserach ADI/HSI Computed Display Data
o RESNAV Research Navigation
¢ RESMFC Research MFD

Research Guidance and Control is enahled {but not engaged) when RVLGAC or
FLDGAC 1s set by the Research computer. The Research A/P mode may then be
enaged, if RES # 0 and RVLGAC and/or RLOGAC is set, by moving the A/P ENG switch
to RES. The Research Flight Director mode is engaged when the FLT DIR button is
pushed, if RES # 0 and RVLGAC and/or FLDGAC is set, and if the A/P ENG switch is
set to OFF or RES. If the A/P ENG switch is set to BASIC, the Basic FLT DIR is

engaged.

Table 5-3 lists all of the guidance modes included in the Basic computer
CsC software, and alco presents a summary of how the modes are engaged and
annunciated on the M3P, The mecdes are also annunciated on the Flight Mode
Annunciator (FMA), as defined in Paragraph 4.10. The gquidance modes are
classified as independent VL modes, independent LD modes, and 3D modes which
include both VL and LD submode.. The following discussions of guidance modes
refer to Basic modes only, unless Rese.rch modes are specifically mentiored.

Some of the guidance modes may be armed only. Pushing the associated
button on the Mode Select Panel will cause the button t: "ight amber, indicating
the armed condition. Such modes engage automatically :n:n the engagement
criteria are met. The remaining modes (except for the p¢:mary modes) are
encaged when the button is pushed. Mode engagement is annunciated by the green
illumination of the associated button. Initialization ana synchronization of
variables is accomplished as part of the mode engagement computations.
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TABLE 5-3

XV-15 V/STOLAND GUIDANCE MODES

Guidance Mode

Engagement Method

MSP Annunciation

Primary VL (V. PRM)
Airspeed Hold
(IAS HLD)

Airspeed Select
(IAS SEL)

Flight-Path Angle
Hold (FPA HLD)

Flight-Path Angle
Select (FPA SEL)

Altitude Hold
(ALT HLD)

Altitude Select
(ALT SEL)

A/P switch to Basic position;
Automatic fallback mode

Push IAS HLD/SEL; automatic
transition from IAS SEL

Push IAS HLD/SEL when display
blinks

Push FPA HLD/SEL; Automatic
transition from FPA SEL

Push FPA HLD/SEL while display
blinks

Push ALT HLD/SEL; automatic
transition from ALT SEL

Armed by pushing ALT HLD/SEL;
engagement is automatic

None

IAS HLD segment
green

IAS SEL segment
green

FPA HLD segment
green

FPA SEL segment
green

ALT HLD segment
green

ALT SEL segment
amber for armed,
green for engaged

Primary LD (LD PRM)

Heading Hold
(HDG HLD)

Heading Select

TACAN Course
(TAC CRS)

VOR Course
(VOR CRS)

Waypoint Course
(WPT CRS)

A/P switch to Basic position;
Automatic fallback mode

Push HDG HLD/SEL; automatic
transition from HDG SEL, and
from primary LD if ¢ < 5 dea

Push HDG HLD/SEL when display
blinks

Armed by pushing CRS ARM;
engagement is automatic

Armed by pushing CRS ARM;
engagement is automatic

Armed by pushing CRS ARM;
engagement is automatic

None

HDG HLD segment
green

HDG SEL segment
green

TAC ARM segment
amber for armed,
TAC ENG segment
green for engaged

VOR ARM segment
amber for armed,
VOR ENG segment
green for engaged

WPT ARM segment
amber for armed,
WPT ENG segmert

green for engaged

B LY S Y g . ol i
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TABLE 5-3 (cont)

XV-15 V/STOLAND GUIDANCE MODES

Guidance Mode

Engagement Method

MSP Annunciation

LD Reference Flight
Path (LD RFP)

| VL Reference
: : Flight Path
(VL RFP)

LD LAND1
VL LAND1
LD LAND2
VL LAND2

Go=Around

Armed by pushing RFP ARM;
engagement is automatic

Automatically armed when LD
RFP is engaged; engagement is
automatic

Enter LND = 1 on keyboard.
Push LAND to arm; engagement
is automatic

Automatically armed when LD
LAND1 is engaged; engagement
is automatic

Enter LND = 2 on keyboard.
Push LAND to arm; engagement
is automatic

Automatically armed when LD
LAND2 is engaged, engagement
is automatic

Armed automatically when any
LD LAND mode is armed or en-
gaged; Push Go-Around button
on control stick to engage

RFP ARM segment
amber for armed,
RFP ENG segment
green for engaged

None

LAND button amber
for armed, green
for engaged

None

LAND button amber
for armed, green
for engaged

None

None

mtaiiied . 4 4 on i ki . .
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5.3.2 Guidance Mode Descriptions
§.3.2.1 Mode Control

The guidance and control software performs all of the mode control
logic associated with guidance and control, including initiation of filters,
integrators and flags. Guidance mode control is achieved with the mode
directors shown in Table 5-4. The state of guidance at any time is specified by
the values of the “current" mode directors. These values are stored from the
basic values if basic guidance is selected, or from the research values if
research guidance is selected. The RGACVL and RGACLD flags also permit mixed
Basic/Research mode operaiion, under Research computer control. The mode
director assignments are shown in Table 5-5.

TABLE 5-4
GUIDANCE MODE DIRECTORS

Current | Basic Research Director Description

VRTENG | BVRTEN RVRTEN Vertical Mode Engaged

VRTARM | BVRTAR RVRTAR Vertical Mode Armed

LONENG [ BLONEN RLONEN Longitudinal Mode En‘jaged
LONARM | BLONAR RLONAR Longitudinal Mode Armed

LDENG BLDEN RLDEN Lateral/Directional Mode Engaged
LDARM BLDARM RLDARM Lateral/Directional Mode Armed

5-23

T I T T T



TABLE 5-5
MODE ASSIGNMENTS

Engaged Modes Armed Modes
Director | Value Mode Director | Value Mode
VRFTENG 0 OFF VRTARM 0 OFF
1 FPA HLD 1 (Not Assigned)
2 FPA SEL 2 (Not Assigned)
3 ALT HLD 3 (Not Assigned)
4 ALT SEL 4 ALT SEL
5 Not Assigned 5 Not Assigned
6 VRT RFP 6 VRT RFP
7 VRT LND 7 VRT LND
LONENG 0 VL PRIMARY LONARM 0 OFF
1 IAS HLD 1 (Not Assigned)
2 [AS SEL 2 Go-Around
Velocity
3 LND VEL 3 LND VEL
LDENG 0 LD PRIMARY LDARM 0 QFF
1 HDG HLD )| (Not Assigned)
2 HOG SEL 2 (Not Assigned)
3 TAC 3 TAC
4 VOR 4 v
5 WPT 5 WPT
6 LD RFP 6 LD RFP
7 LD LND 7 LD LND

The following paragraphs briefly describe the various Guidance modes.
Details on each mode are presented in Paragraph 5.3.4, "Guidance Computations."

.
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5.3.2.2 Independent Vertical/Longitudinal Guidance Modes

e Primary VL Mode - The primary VL mode is a fallback guidance mode
which is in effect when no other VL mode has been selected. It goes in effect
when A/P or FLT DIR is initially engaged, or when the other VL modes are
disengaged. In this mode, attitude hold is commanded to the pitch controls at
the value coincident with mode engagement. The power lever receives no command,
and may be operated manually.

o Indicated Airspeed Hold (IAS HLD) - IAS HLD is engaged in transition
from IAS SEL. If the IAS HLD/SEL button 15 pushed when the IAS modes are off,

the coincident indicated airspeed shown on the IAS display becomes the control f i
reference. Since the capture conditions are met immediately, the IAS HLD mode o
immediately engages and the HLD segment lights green. The IAS HLD mode also } ‘
engages, via select, similarly whenever any other VL mode engages, unless I[AS ;

SEL is already engaged.

If IAS HLD is the only engaged VL mode, the IAS command goes to the
pitch axis. The power lever then receives no command and may be operated i
manually. |

If other VL modes are engaged, IAS cormands go to both the pitch- and
power-lever controls as a function of tne aircraft configuration.

IAS HLD can be diéengaged by pushing the IAS HLD/SEL button if no
other vertical mode is engaged. The IAS display then reverts to actual
airspeed. IAS HLD also disengages by engagement of IAS SEL or by the automatic
velocity control in the LAND modes.

o Indicated Airspeed Select (IAS SEL) - IAS SEL is engaged by first
slewing the IAS display to a new desired reference value and then pushing the
IAS HLD/SEL button. The SEL segment will light green and the HLD segment will
be blanked if it was 1it. The IAS display will blink for 30 seconds after the
reference has been changed and before IAS SEL is engaged. This indicates that
the selected reference is not yet the control reference. After 30 seconds, the
[AS display reverts to actual IAS. When IAS SEL is enaged, the IAS commands go ]

5-25




to the control axes described for IAS HLD and cause the aircraft to approach the
selected IAS reference. IAS SEL converts to IAS HLD when the selected speed is
reached.

If the IAS HLD/SEL button is pushed while IAS SEL is engaged, the
mode will disengage. If another VL mode is engaged, IAS HLD will simultaneously
engage.

e Flight Path Angle Hold (FPA HLD) - FPA HLD is enyaged in transition
from FPA SEL when the reference FPA is attained. When FPA HLD engages, the HLD
segment 1ights green.

The guidance laws in this mode compute altitude rate commands to both
the pitch- and power-lever controls and/or directors to hold the aerodynamic
flight-path angle, 7 = tan-1 (h/V7).

C  aiiear

If ALT SEL 1s not armed, FPA HLD may be disengaged by pushing the FPA
HLD/SEL button. VL guidance then reverts to an IAS-only mode on pitch. If ALT
SEL is armed and FPA HLD is engaged, pushing the FPA HLD/SEL button has no
effect. FPA HLD is also disengaged by engagement of the other vertical modes.

o Flight Path Angle Select (FPA SEL) - FPA SEL is engaged by first
slewing the FPA display to a new desired value and then pushing the FPA HLD/SEL
button. The SEL segment will 1ight green and the HLD segment will be blanked if
it was 1it. The displayed value may be changed while FPA SEL is engaged.

In general, FPA SEL engages when the FPA HLD/SEL button is pushed and
FPA SEL s not already engaged. If FPA SEL is already engaged, it will
disengage when the FPA HLD/SEL button is pushed. When FPA SEL engages, the
value displayed in the FPA window becomes the FPA reference. The reference
value of FPA may be preselected via the FPA slew switch. The FPA display will
blink for 30 seconds after the reference has been changed and before FPA SEL is
engaged. This indicates that the selected reference is not yet the control
reference. After 30 seconds the FPA display reverts to actual FPA, if FPA SEL
is not engaged. For this reason, the rPA HLD/SEL button should be pushed within

5-26




30 seconds after slewing if FPA SEL at the preselected reference is desired.
FPA SEL will engage at the current actual (displayed) value of FPA {f the FPA
HLD/SEL button is pushed when 2 reference has not been preselected via the slew
switch.

FPA SEL also engages when ALT SEL {s armed. In this case the
computer automatically computes and displays the flight-path angle required to
reach the selected altitude in 1 minute, subject to a maximum limit of *+8
degrees, a minimum 1imit of %1 degree, and a maximum ﬂ 1imit of +1000 feet per
minute, However, this angle may be modified by manually slewing the displayed
flight-path angle. Engagement of FPA SEL also causes IAS HLD to engage unless
IAS SEL is already engaged.

The FPA commands go to the pitch- and power-lever controls and/or
flight directors, and cause the aircraft to smoothly approach the selected FPA.
FPA SEL transitions to FPA HLD when the selected FPA is reached to within
specified limits.

FPA SEL may be disengaged manually by pushing the FPA SEL button.
FPA SEL also disengages in the normal transition to FPA HLD.

o Altitude Hold (ALT HLD) - ALT HLD is engaged in transition from ALT
SEL. When the ALT HLD/SEL button is pushed, the coincident altitude shown on
the ALT display becomes the reference altitude. Prior to engaging the ALT
HLD/SEL button, the displayed value on the ALT display may either represent a
selected reference, distinguished by a blinking display, or it may continuously
display actual data in a non-blinking fashion. When the ALT HLD/SEL button is
pushed while it is not 1it, the ALT SEL mode temporarily becomes armed and then
engaged. However, since the altitude capture conditions are quickly satisfied,
ALT HLD soon engages and the HLD segment lights green. The control commands go
to the pitch- and power-lever controls and/or flight directors to hold the
selected altitude,
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ALT HLD may be disengaged by pushing the ALT HLD button when the
display is not blinking. THe ALT display then reverts back to displaying actual
data. VL guidance then reverts to the primary VL mode and IAS HLD (or IAS SEL
if engaged). ALT HLD is also disengaged by engagement of the other vertical
modes.

o Altitude Select (ALT SEL) - ALT SEL is armed by first slewing the ALT
display to a new desired altitude reference and then pushing the ALT HLD/SEL
button. The SEL segment will 1ight amber, indicating that the mode is armed,
and the FPA SEL mode will engage as described above. When the capture criteria
are met, ALT SEL engages, FPA SEL or HLD disengages, and the ALT SEL segment
changes to green.

When ALT SEL is engaged, the guidance laws command the aircraft
to gradually level out the flight path to the selected non-flashing altitude on } 1
the digital altitude display.

When the altitude comes within specified 1imits of the selected
altitude, ALT SEL converts to ALT HLD and the digital altitude display shows the
altitude reference that is currently being used. {

If the ALT/HLD SEL button is pushed while ALT SEL is armed, the mode
is disengaged. Also, if the ALT HLD/SEL button is pushed while ALT SEL is
engaged, or ALT HLD is engaged and the display indicates a non-flashing active ;
reference, the mode is disengaged. However, if the ALT HLD/SEL button is pushed
when in either the ALT SEL or HLD engaged modes and the display indicates a
flashing non-active reference, the system will revert to the ALT SEL armed mode.

5.3.2.3 Independent Lateral-Directional Guidance Modes

e Primary LD MODE - The primary LD mode is a fall-back guidance mode
which is in effect when no other LD mode has been selected or automatically
engaged. It goes into effect when

e A/P becomes engaged

e FLT DIR becomes engaged while AUTO is not engaged |

e All other LD guidance modes become disengaged while AUTO or FLT DIR
remains engaged
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If the roll attitude is less than ¢5 degrees when this mode is
engaged (and the airspeed is not below 30 knots if manual flight director is
on), HDG HLD becomes engaged as described in the next paragraph. If the roll
angle is greater than +5 degrees {or the airspeed is below 30 knots when manual
Flight Director is on), the guidance laws command a constant rol! angle equal to
the value coincident with the primary LD mode engagement.

o Heading Hold (HDG HLD) - HDG HLD is engaged in transition from HDG
SEL. If HDG SEL is called from primary LD, or by pushing the HDG HLD/SEL button
when the HDG modes are off, the coincident heading displayed on the HDG display
becomes the heading reference. HDG SEL temporarily becomes engaged and
transitions to HDG HLD when specified capture criteria are met. The HLD segment
then 1ights green.

If the airspeed is above 60 knots, the heading command goes to the
roll-axis control and/or Flight Director and the yaw axis controls provide turn
coordination. In the hover condition, the heading command goes to the yaw-axis
controls and no command goes to the roll-axis controls. (This is equivalent to
a wings-level command.) Between 60 knots and hover, the heading command is *
blended from roll-axis control to the yaw axis. o

HOG HLD disengages when other LD modes engage, or when the HDG
HLD/SEL button is pushed while the HDG display is not blinking and the roll
attitude is greater than #5 degrees (roll attitude condition does not apply for
manual Flight Direcior below 30 knots). The HDG display then reverts to actual
heading.

o Heading Select (HDG SEL) - HDG SEL is engaged by first slewing the
HOG display to a new desired heading and then pushing the HDG HLD/SEL button.
The SEL segment will 1ight green and the HLD segment will be blanked, if it was
1it. The display value may be changed while HDG SEL is engaged, and HDG display
operation is as described for IAS and FPA SEL modes. The heading commands to
the controls and/or Fiight Director described in the previous paragraph cause
the heading to approach the selected value and, when within capture limits, the
mode transitions to HDG HLD.
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, The mode may be disengaged by pushing the HDG HLD/SEL button or by
i engaging other LD modes, thereby causing the HDG display to revert tu actual
heading.

¢ Course Guidance (TAC CRS, VOR CRS, WPT CRS) - The three course
guidance modes (TAC CRS, VOR CRS, and WPT CRS) are functionally identical, and

: differ only in the reference data and associated processing. These modes, as
well as the Reference Flight-Path mode, are armed by the single CRS ARM button.
When the button is blank, a single push arms the TAC CRS mode and lights the TAC
segment amber. Additional pushes sequentially arm VOR CRS, WPT CRS, RFP, and
then blank the button. Hence, up to four pushes may be required to arm the
desired mode.

Course reference values may be slewed in at the MSP before or after
the desired CRS mode is armed. The CRS display will blink for 30 seconds after
the last CRS reference change, and then revert to displaying the actual aircraft
course if no CRS mode has been armed. If a CRS mode is armed, the CRS display
will blink continuously, indicating a future reference, until the CRS mode
engages automatically.

An armed course mode engages when the capture conditions are met.
However, a time-delay function inhibits engagement for 3 seconds aftcr the CRS
ARM button or CRS slew switch were last activated. This prevents inadvertent
engagement to undesired radials. When a couise mode engages, the associated ENG
segment 1ights green, the ARM segment is blanked, and the CRS display stops
blinking.

When a CRS mode is engaged:

- A second CRS mode may be armed, as described above, without
disenaging the engaged mode. The CRS display and the ADI/HSI
course deviations will be associated with the armed mode.

- Pushing the ENG button disengages the engaged mode, blanks the ENG

segment, and reverts the display to actual course if no CRS mode is
armed.
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- If the waypoint location is moved (via the keyboard) while WPT CRS
1s engaged, this mode reverts to the armed condition and primary LD
engages.

- When the data for the engaged CRS mode becomes invalid, the mode
reverts to the armed condition and primary LD engages.

When no CRS mode is engaged, pushing the CRS ENG button has no
effect.

5.3.2.4 Three-Dimensional Guidance Modes

o Reference Flight Path Guidance (RFP) - The reference flight path
illustrated in Figure 5-4 is a three-dimensional flight path defined by a series |
of waypoints that are connected by a straight or circular line. The waypoints i
are referenced to the runway coordinate frame and stored in the Basic computer
data bank. This data is also accessed by the MFD program which displays the
reference flight path on the MFD as part of the map display.

The LD RFP submode is armed as described above for the CRS modes.
The desired entrance waypoint number must als2 be entered via the keyboard. The
course reference associated with a waypoint is fixed and not selectable as for
the other CRS modes. The RFP course reference is displayed in the CRS display

when the LD RFP mode is armed, or when engaged with no other course or LAND mode
armed.

when LD RFP submode has engaged, the VL RFP submode is armed and
engages independently when the vertical capture conditions are met.
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Figure 5-4
Reference Flight Path and LAND Trajectories
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oA tic Landin idance (LAND) - If the MLS navaid data is
available and valid, there is a choice between two approach trajectories for
LAND, which must be selected via the keyboard before arming LAND. The selection
and a brief description of the approach modes are ag follows:

LAND1 - Selected via the keyboard as LND = 1 before LAND s armed.
With MLS, the glide slope s selectable (GSR) via the keyboard
between -2.0 and -8.0 degrees. ! :vaver, to captur2 this approach
from the refarence flight path, th. selected glids slope must be less
than -6.0 degrees. Figure S-4 t11lustrates the LND! trajectory with
CSR = <6 degree:.

LAND2 - Selecied via the keyboard as LND = 2 before LAND {s armed.
The trajectory consists principally of an 18-degree locaifzer
approach to a touchdown point on Runway 30. The approach path
includes a 2-revolution helix as 1llustrated in Figu~e 5-4,

LAND may be armed manually by pushing the LAND button on the Mode
Select Panel. If MLS navaid data is valid and the navigation is valid, LAND
engages automatically when the capture criterion for the selected approach is
satisfied.

A LAND velocity submode is activated for the final portion of LAND,
where ground velocity is controlled, decelerating the vehicle to touchdawn,
This submode is armed when VL LAND engages. It engages automatically, and is
annunciated on the FMA when 1t engages. }

o Go-Around - The Go-Around mode is armed whenever a LAND mode is armed
or engaged. The mode will engage when the Go-Around button, located on the
research pilot's control stick, is pushed while the Go-Around mode is armed.

When the Go-Around mode is engaged, a GO-AROUND annunciation appears
on the upper FMA unless it is temporarily overridden by a configuration message. [
When the Go-Around mode engages, an automatic altitude-selcct to 2500 feet ASL
is initiated and airspeed is held, After 2 5-second delay, an airspeed-select
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to 60 knots will be initiated if the airspeed is below 60 knots; otherwise,
airspeed hold will remain in effect. These modes are annunciated on the MSP and
lower FMA,

If Go-Around is initiated from a LAND1 approach, an immediate
heading-select to the runway heading of 353 degrees occurs. If Go-Around is
initiated from a LAND2 approach, the existing roll attitude will be held until
the aircraft heading falls within a t20-degree range of the runway heading (353
degrees). When this condition is satisfied, a heading-select to the runway
heading will be initiated and annunciated on the MSP and lower FMA.

After Go-Around has been initiated, it may be cancelled at any time
by pushing the Go-Around button again, or by pushing any other button on the |
MSP. When this occurs, the Go-Around annunciation on the upper FMA will be ~1
cancelled and the modes currently engaged on the MSP will remain engaged.

5.3.3 Control Computations

5.3.3.1 Vertical-lLongitudinal Control

The VL control laws generate autopilot commands, 8pc and Sp ¢, to the
pitch FFS and the power-lever position servo, respectively. The input commands
to the VL control laws, illustrated in Figure 5-5, depend on the selected
guidance mode as follows:

o Primary VL mode: 8,
o IAS only modes: V¢
o Other VL modes: Vg, he

where 84, V¢ and ﬁc are pitch, velocity, and altitude rate commands,
respectively. For the primary VL and IAS-only modes, the power-lever servo
system is not engaged, and the pilot may operate the power lever manually. For
the IAS-only mode, the power lever then becomes a rate-of-climb actuator in both
the airplane and helicopter configurations. For the other VL modes, &8¢c and

Op ¢ are based on both he and V¢, with degree-of-blend dependent on the pylon
conversion angle, Bpe.
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Definitions of the symbols used in Figure 5-5, Vertical/Longitudinal
Control Block Diagram, are given in Table 5-6 which follows. Associated gains,
limits, and time constants are specified in Table 5-7.

TABLE 5-6
VL CONTROL-RELATED SYMBOLS

Symbol Description Units
ﬁc Altitude Rate Command (unfiltered) ft/s
h Altitude Rate Feedback ft/s
h Vertical Acceleration ft/s2
her Filtered Altitude Rate Command ft/s
GCL Altitude Rate Command Limit ft/s
ECL Altitude Rate Command Rate Limit (acceleration limit) ft/s2
ﬁg Altitude Rate Error ft/s
ﬁEI Altitude Rate Control Integral Term ft/s
ﬁgx Altitude Rate Error plus Integral Temm ft/s
Oﬁg Pitch Command for ﬁ Error in Airplane Mode deg
e. Pitch Command for Lateral Error (crossed control) deg
O;AE Pitch Predict deg
0c Total Closed-Loop Portior of Pitch Command deg
8sne Pitch Command Synchronization Term (mode transitions) deg
% VL Primary Pitch Attitude Hold Command deg

e Pitch Attitude Feedback deg
O¢ ‘ Total Pitch Attitude Command deg
SVE Pitch Attitude Command for Speed Error deg

0 Pitch Rate Feedback/Euler Axis, from Navigation deg/s
PLcL Total Closed-Loop Portion of Power-Lever Command in

v T
-
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TABLE 5-6 (cont)
VL CONTROL-RELATED SYMBOLS

Symbol

Description

Units

PLsne
Plve

PLVFF

PLhE

vy - oL

PLpge
Vias
VFILT

Power-Lever Command Synchronization Term

Power-Lever Command for Speed Error in Airplane Mode

Power-Lever Speed Reference Feedforward in Airplane Mode

Power-Lever Command for Altitude Rate Error in Helicopter Mode

Power-Lever Predict

Indicated Airspeed (from air data)
Airspeed Complementary Airspeed Qutput
Speed Command

Filtered Speed Command

Speed Error

Speed-Control Integral Term

Speed Error plus Integral Term

Course-Rate Command plus Course-Rate Integral (from LD
control)

Longitudinal Acceleration in Local Horizontal (from
navigation)

Along-Axis Approach Horizontal Ground-Speed Feedback
Power-Lever Position
Pitch Force Feel Command

Power-Lever Force-Feel Coﬁmand

in
in
in
in
in
ft/s ‘
ft/s %
ft/s f
ft/s |
ft/s
ft/s
ft/s
deg/s

ft/se

ft/s
in

in

in
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TABLE §-7
VL CONTROL GAINS, LIMITS AND TIME CONSTANTS

A e

' Symbo!l Description Value Units
g K Pitch Attitude Gain 35 in/deg
t Kg(Vias) | Pitch Attitude Damping Gain ‘1732(7'1':\'9'5%9'6) in(deg/s)
i
| Kag gogrse to Pitch Helicopter Mode 1.0 in/(deg/s)
: ain
Kne Altitude Rate to Pitch Airplane .20 deg/(ft/s)
Mode Gain .
KhPLH Altitude Rate to Power Lever .25 in/(ft/s)
Helicopter Mode Gain
Khi Altitude Rate Integral Gafn 1.0 None
K Altitude Rate Damping Gain 3 s
KveH Speed Error to Pitch Helicopter 1.0 deg/(ft/s)
Mode Gain
Kvea Speed Error to Pitch Airplane 1.0 deg/(ft/s)
Mode Gain
KypL Speed Error to Power-Lever 3 in/(ft/s)
Airplane Mode Gain
KVPLFF Speed Command Feedforward to o3 in/(ft/s)
Power Lever (Airplane)
Kvi Speed Integral Gain .l None
heL Altitude Rate Command Limit 16.67 ft/s
heL Altitude Rate Command Rate Limit 1.5 ft/s2
VeL Speed-Command Rate Limit 1.5% ft/s?

*OLND in Long. Land; Now set at 1.5 also.
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TABLE 5-7 (cont)
VL CONTROL GAINS, LIMITS AND TIME CONSTANTS

Symbol Description Value Units
TRLLO Altitude Rate Command RLL Time 5 s
Constant
TRLLL Speed Command RLL Time Constant S S
TRLLS Course Error to Pitch Roll Time o5 s
. Constant
L4 Afirspeed Complementary Filter 4 ]
Time Constant
v Airspeed Complementary Filter 4 s
Time Constant
Tw2 Speed-Command Feedforward 3 H
Washout Time Constant
Twa Local Horizontal Acceleration 15 s
Washout Time Constant
T8 8' Phase-in Time Constant 10 s

VL control initialization and mode synchronization are accomplished as
defined by the following equations:

a) When the Autopilot and Flight Director are off or in VL primary:

ﬁc = h ft/s
ﬁcp = h ft/s
651 =0 ft/s
VFILT = Vias - ft/s
BVC = Vyps ft/s
Ver = Vg ft/s
Ver = 0 ft/s

Washout 2 Integrator = V. ft/s

washout 2 Remainder = 0 ft/s

*Basic value for V¢
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Far

b)

c)

d)

8sne = 99 deg
PLSNC = PL in
Washout 3 Integrator = h ft/s?

Washout 4 Integrator = Xy  ft/s?

OpRe synchronized to 0
See PRESNC Subroutine
PLpRe synchronized to 0

In 1AS-Only Mode:

hep = 0 ft/s

ﬁcp = h ft/s

PLsNG = PL-PLve in.

PLpre Synchronized to 0 (See PRESNC subroutine, B =1)

At transition from VL primary or 1AS-only modes to IAS and VRT modes:

Osnc = OSNC - KVGA « fa3(8p) + Vx * COS 8' - Ong deg

At transition form IAS and VRT modes to IAS-only mode:

%m=9mc+W%°fmww-v“.cms'+o
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5.3.3.2 Lateral-Directional Control

The LD control laws generate autopilot command 5¢FC and Ggpc to the
roll and yaw FFS inputs. The LD control laws are illustrated in Figure 5-6.
Symbol definitions are given in Table 5-8. Associated gains, 1imits, and time
washouts are specified in Table 5-9.

The roll FFS command is the output of a roll attitude control loop
closed through K¢ and K¢. Other guidance loops are closed around the roll con-
trol loop. When course modes are engaged, roll-control commands are generated
from crosstrack guidance errors. During LAND approaches at low speeds in cross-
wind, when the drift angle (8') becomes large, speed error, generated in VL con-
trol, is cross-coupled into the roll command and crosstrack control is phased
out of the roll command.

When the autopilot is in heading-hold or select, heading control is
achieved with roll and yaw command mixing as a function of airspeed. As the
aircraft slows from slow helicopter flight to hover, heading control is shifted
from the roll axis to the yaw axis.

The directional control command is used to achieve yaw damping, turn
coordination, and low-speed heading control. At speeds close to hover, the turn
coordination term is phased out. During the final portion of a deceleration to

hover in a LAND mode, a heading-hold function is automatically switched into the
yaw control law,

o
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TABLE 5-8
LD CONTROL-RELATED SYMBOLS

Symbol Description Units

écr Filtered Rol'-Attitude Command deg ij

& Ro11-Attitude Command (unfiltered) deg :

$ Roll Attitude deg i
.| deL Rol1-Attitude Command Limit | deg i

oC )\ Rol1-Attitude Command for Course kate Error deg

éve Roll-Attitude Command for Speed Error (cross-coupled) deg

dHY Roll-Attitude Command for Helicopter Turn Coordination deg

% LD Primary Roll-Attitude Command deg

écp Rol1-Atiftude Predict deg 3;

dcpr | Filtered Roll-Attitude Predict deg

9 Roll-Rate Euler Axis (from navigation) deg/s !

dcL | Roll-Attitude Command Rate Limit de./s |

61 Desired Roll Rate to Predicted Bank Angle ceq/s

A}:c Course Rate Command for Heading or Crosstrack Error deass

Aic[ Crosstrack Integral Term deg/s

A’.‘CX Course Rate Error plus Integral Command deg/s

Syr Yaw Rate Damping Directional Command in

39ay | Turn Coordination Directional Command in

543 | Directional Command for Heading Error in >

GWFC Total Directional Conmand to Force-Feel System in .

5@5\ Rate Limit Value of Directional Heading Command in/s

¥e Heading Error from Guidance deg !

% Hover Heading Command in LAND ! deg »
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TABLE S5-8 (cont)
LD CONTROL-RELATED SYMBOLS

Symbol Description Units
¢ Afrcraft Heading deg
Oye Engaged Crosstrack Error for Straight Segments (guidance) | ft
Dycir | Engaged Crosstrack Error for Circular Segments (guidance) | ft
' Dy Combined Crosstrack Control Error ft
6yg Engaged Crosstrack Rate for Straight Segments (guidance) | ft/s
6YCIR Engaged Crosstrack Rate for Circular Segments {guidance) | ft/s
67 Combined Crosstrack Rate ft/s
Vg Navigation-Derived Ground Speed ft/s
VEx Speed Error plus Integral from VL Control ft/s
ay Lateral Acceleration, Body Axis ft/s2
;LH Lateral Acceleration, Local Horizontal (navigation) ft/s2
8 Aircraft Orift Angle, Using Course Reference deg

p Control Radius ft

V1 True Airspeed (air data) ft/s
Ncg Engaged Course Mode Course Reference, wrt M.N. deg
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TABLE 5-9
LD CONTROL GAINS, LIMITS, AND TIME CONSTANTS
Symbol Description Value Units
K¢ Rol1-Attitude Gain 35 in/deg
K$ Roll-Rate Gain .15 in/(deg/s)
Kpyn | Path Error to Course-Rate ain - .05%* (deg/s)/ft
‘Kpyal | Path Error Integral Term -.001** (deg/s)/ft
Kveg | Speed-Error Crossfeed to Roll Gain 25 deg/(ft/s)
K?é Helicopter Lateral Acceleration Gain| 0 deg/(ft/s2)
(Turn Coordination)
Kvd l Helicopter Side Velocity Gain 0 deg/(ft/s)
(Turn Coordination)
Kwa ;g:::ing Error to Course-Rate Cormand | .15 (deg/s)/deg
Kiw é gzl;copter Mode Yaw-Heading Control Jd in/(deg/s)
Kayd tatera% Acceleration, Turn 2.5 in/(ft/s2)
oordination Gain
 Keg Yaw-Rate Damping Gain .l in/(deg/s)
dcL Roll-Attitude Command Limit 12; :o: gfs Mode | deg
otherwise 30°
i $CL Rell-Attitude Command Rate Limit S or 61** deg/s
| 61 Nominal Roll Rate during Capture 3.5 deg/s
Rol1 Maneuver

*Multiply by Loy (%) for VOR/TAC; where R = Range to STN (mi)
**Use 61 1f |dcnoe-dcel| > 1° (rolling maneuver)
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TABLE 5-9 (cont)
LD CONTROLS, GAINS, LIMITS, AND TIME CONSTANTS

Symbol Description Valye Units

5¢° | Directional Heading Command Rate .5 in/s

S Total Force-Feel Directional Command | 2.55 in
Limit

VTLHH Airspeed Below Which LAND Heading 16.9 ft/s

: Hold Mode Engages

TaLLz |Roll Command RLL Time Constant 2 s

TaLL3 |Directional Heading Command RLL Time | .2 s
Constant

TRLL9 |Filtered Roll-Predict RLL Time .1 s
Constant

TLs Lateral Acceleration Filter Time .5 s
Constant

"6 Lateral Acceleration, Local .5 s
Horizontal Filter Time Constant

ToD Crosstrack Rate Damping Time 10 s
Constant

W5 Yaw Rate Damping Washout Time 5 s
Constant

.8 B' Phase-in Time Constant 10 s

=T




5.3.3.3 Fiight Director Equations

¢ Pitch Flight Director - The pitch flight director law is illustrated
in Figure 5-7. The law uses 8¢, the closed-loop portion of the pitch autopilot
attitude command from VL control. Note that pitch altitude is washed out to

provide an integration effect. Also, BEI and Vgy (refer to Figure 5-5) are set
to zero when the Flight Diractor is ON and Autopilot OFF. The flight director

law incorporates (via 8¢), the same coantro! blending as a function of pylon
angle as the Autopilot. Gains and time constants used for the pitch Flight
Director are shown in Table 5-10. (Refer to Table 5-6 for symbol definitions.)

The pitch flight-director command, 8 grp, drives the horizontal
flight-director bar on the ADI. Conventional polarity is used.

e Power Lever Flight Director - The power lever flight-director law is
illustrated ‘n Figure 5-7. The law uses PL¢, the closed-loop portion of the
power-lever autopiiot command. The power-lever position feedback is washed out
to provide an integration effect. As mentioned above for the pitch Flight
Directcr, the autopilot control integrators are set to zero when the Flight
Director is on and the Autopilot is off. The same pylon angle blending used by
the autopilot control law is incorporated in the power-lever flight director via
the PLc term. Gains and time constants used for the power-lever flight
director are shown in Table 5-10. (Refer to Table 5-6 for symbol definitions.)

The power-lever flight director command, 8pgp, drives an indicator
which moves over a vertical scale on the left side of the ADI. The UP direction
commands an increase in power lever.
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TABLE 5-10
PITCH AND POWER-LEVER FLIGHT DIRECTOR GAINS AND TIME CONSTANTS

Washout Time Constant

Symbol Description Value Units
ep

Kgrpc | Pitch Flight-Director Control 2.5 1 -1 g397, = 6 | deg/deg
Error Gain

Korps | Pitch Flight-Director Bar 0.1 in/deg
Sensitivity Gain

Kgrp | Pitch Flight-Director Attitude | 0 in/(deg/s)
Rate Gain

ksgFp | Auto Mode Pitch FD Gain 0.5 in

W6 Pitch Attitude Feedback Washout {20 s
Time Constant

KpLFpc | Power-Lever Flight Director 1.0 in/in
Control Error Gain

Kprps | Power-Lever Flight Director Bar | 0.3 in/in
Sensitivity Gain

Ksprp | Auto Mode Power-Lever FD Gain 0.5 in/in

w7 Power-Lever Position Feedback 5 s

Figure 5-8.

e Roll Flight Director - The roll flight-director law is illustrated in

The law uses the autopilot filtered roll attitude command (refer to

Figure 5-6) derived in the LD control law. When the Flight Director is ON and
the Autopilot is OFF, the autopilot integral control term, AAc1, is set to zero.

The roll flight director gains are summarized in Table 5-11.

5-8 for symbol definitions.)

director bar on the ADI.

(Refer to Table

The roll flight-director command, d4rp, drives the vertical flight-

5=49
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TABLE 5-11
ROLL FLIGHT-DIRECTOR GAINS

Symbol Description Value Units

K¢ng Roll Flight-Director Bar Sensitivity Gain | .0165 | in/deg
Kgrp | Roll Flight-Director Roll Rate Gain 0 in/(deg/s)
Kg4FD | AUTO Mode Roll Flight-Director Gain 5 in/in | i

5.3.3.4 Vertical/Longitudinal Predict Equations

The VL control predict equations are defined in Figure 5-9. The pitch |
attitude and power-lever predict outputs, Oprg and PLprg, are inputs to the VL P
control laws described in Paragraph 5.3.3.1. These outputs, derived from 5'
control reference values and configuration information, are used to reduce the !
control errors of the closed-loop control paths during control reference or con-
figuration changes (thereby improving control performance at a given gain
level). The outputs are added to the autopilot and flight-director pitch- and
power-lever commands. They represent estimates of required steady-state pitch ? i
attitude and power-lever changes due to control reference and configuration |
changes.

In the VL primary mode, the predict terms are synchronized to zero by
continuous updating of 8p, and PLpy. In the IAS-only mode, the power-lever
predict term continues to be synchronized while the pitch-predict term becomes
active (8py 1s no longer updated). In the IAS and VRT mode, both predict terms

are active.

5.3.3.5 Airspeed Envelopes

The system airspeed 1imits in effect when the Autopilot or Flight
Director are ON are defined in Figure 5-10. The minimum and maximum airspeed
limits are a function of the pylon angle, as shown in the figure. The system
will nnt allow the airspeed-command reference to go outside or exist outside the
region defined by the minimum and maximum airspeed limits. If the pilot at-
tempts to engage the Autopilot or Flight Director while the airspeed is outside
the allowable airspeed region, or if he attempts to fly from a speed within the

ERSE L PRGN
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region to one outside the region, the Autopilot and/or Flight Director will im-
mediately disengage and a TOO FAST or TOO SLOW message will appear on the data
entry display.

5.3.3.6 Confiquration Control |

When the Autopilot is OFF, the system does not control any configura-
tion functions. When the Autopilot is ON, the total vehicle configuration is
under autopilot control. In VL primary (pitch-attitude hold) the Autopilot |
holds the configuration existing at the time of VL primary engagement. In all ‘
other VL modes the configuration is controlled as described in the following
paragraphs. All autopilot configuration changes are annunciated on the upper
FMA for 5 seconds, or until the control position satisfies the command to within

the control-in-motion tolerance specified in Table 5-12, whichever is longer.

In the manual flight-director mode (Autopilot OFF), the pilot changes ‘
the vehicle configuration in response to flashing configuration commands on the ‘
upper FMA. An annunciated command will go away only when the pilot satisfies
the command to within the control-in-motion tolerance specified in Table 5-12.

In either the Autopilot or manual Flight Director modes, the tolerances i
are widened on the control-position error when the configuration controls are :
not being commanded to move. These control-not-in-motion tolerances are also :
listed in Table 5-12. ’

¢ RPM Control - The RPM command schedule is shown in Figure 5-11. The
RPM value is commanded to change only during acceleration or deceleration
(changing speed reference). When the RPM is commanded to a new value, an RPM TO
XX% message appears on the upper FMA,

The three-knot hysteresis zones identified in Figure 5-11 have been
incorporated for noise protection since the actual airspeed used for command
generation may be noisy.

The pilot is allowed to override the RPM command in VL primary (pitch
attitude hold). However, if he attempts to override the commanded RPM while any
airspeed mode is in effect, the system will drive the RPM back to the commanded
value.
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TABLE 5-12
CONFIGURATION CONTROL TOLERANCES

RPM Pylons
(percent) | Flaps | (degree)
Control-In-Motion +.696 * t.5
Autopilot
Control-Not-In-Motion +.696 * b9
Control-In-Motion 82 * 3
Manual Flight Director
Control-Not-In-Motion .44 * +5

*In flap configuration control, commands are satisfied when the flap-
lever position corresponds to the commanded value.

e Flap Control - The flap command is shown in Figure 5-12, The flap
position is commanded to change only during accelerations or decelerations
(changing speed reference).

When the flaps are being commanded to a new position, a FLAPS TO XX°
message appears on the upper FMA. The three-knot hysteresis zones identified in
Figure 5-12 have been incorporated for noise protection since the actual air-
speed used for command generation may be noisy.

If the pilot attempts to override the commanded flap position, the
system will command the flaps back toward the commanded value and the Autopilot
may disconnect, depending on the time the flap lever is not in the commanded
position.

o Pylon Control - The pylon control schedule is shown in Figure 5-13.
It has been designed to minimize pitch attitude excursions for speed change and
to use the pyl n angle for assistance during speed changes in the helicopter or
transition configurations.

The command generated to the atrcraft conversion system is a function
of whether the Autopilot is commanding an acceleration, a deceleration, or
atrspeed hold. When airspeed hold is ON, pylon commands are derived from the
curve labeled FOR AIRSPEED HOLD in Figure 5-13. 1n this case the reference

s
!
¥



e TR T e ST T —

ALL HYSTERESIS = 3 KT

NO COMMAND
HOLD OR VL PRIMARY

CMANGES IN AIASPEED

FOR COMMANDED

\roa COMMANOED H !
ACCELERATION ~

100
[ ]
. [ ]
i
Q
2& «
20

0 100 150

vy AS {KT)

Figure 5-12
Flap-Configuration Control

5-57




FOR
/ COMMANDED OECELERATION
7
. /
FWD
Accuumqon FOR AIRSPEED HOLD
3 1 !
ALL HVSTERESIS = 3 KT
NO (OMMAND CHANGES
IN VL PRIMARY
|
!
|
¢ 80 100 180 200 290

Viag (KT) FOR ACCELERATIONS
Vg (KT) FOR AIRSPEED HOLD

neo410

Figurs 5-13
Pylon Configuration Contro.

5-58



SroseTE e T TR T N

airspeed V. fs used instead of the actual airspeed Viag to determine the pylon
command. This eliminates the need for hysteresis in the airspeed-hold curve.
For a commanded acceleration or deceleration, one of the other two curves in
Figure 5-13 are used. The three-knot hysteresis shown protects against possible
noise and turbulence on the airspeed signal Vias which 1s used to generate the
pylon command.

To prevent the pylon command from “"back-tracking” at transitions from
airspeed-select to hold, the nylon command, during acceleration or deceleration,
is limited to the airspeed-hold pylon command (determined by V.) which will
occur when the mode transition from select to hold occurs. During acceleratfion,
70 pylon angle will be commanded that is less than the airspeed-hold pylon angle
at the final selected speed. Similarly, during deceleration no nylon angle will
be commanded which is greater than the airspeed hold pylon angle at the final
selected speed. For example, if an airspeed-select is initiated from 30 to 80
knots, Ve is 80 knots during and after the airspeed-select and the acceleration
pylon command is 1imited to a value greater than the airspeed hold value for 80
knots, or about 81 degrees. Therefore, when 50 knots is reached during the
acceleration maneuver, the pylons will be commanded to 81 degrees instead of the
acceleration value of 75 degrees. Thus, when the airspeed-hold mode engages at
80 knots, no further pylon motion is required.

When the pylons are commanded to a new position, a PYLON TO Xxx°
message appears on the upper FMA, If the pylons are locked when the Autopilot
{s attempting to command them to move, a flashing UNLOCK PYLON message appears
on the upper FMA, Whenever the aircraft airspeed is above 190 knots and the
pylons are unlocked, a flashing LOCK PYLON message appears on the upper FMA, If
the pilot attempts to move the pylons to a position other than the commanded
value, the Autopilot will disconnect.
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5.3.4 Guidance Computations

The guidance computations generate commands to the control equations as
required for each guidance mode described in Paragraph 5.3.2. The following
paragraphs are grouped by vertical/longitudinal and lateral/directional guidance
modes. Since some modes require 1ittle or no computations, such paragraphs are
brief.

5.3.4.1 Vertical/Longitudinal Guidance

£,3.4.1.1 Primary VL Mode

In this fall-back mode the pitch-attitude command 8¢ is set to a con-
si. it value equal to the pitch attitude 8 coincident with the most recent of:

e Primary VL mode engagement if A/P is nol engaged
e A/P engagement

e FLT DIR engagement if A/P is not engaged
Velocity is not controlled in this mode.

5.3.4.1.2 Aircpeed Hold (TAS HOLD)

In IAS HLD the raw velocity command Vc is the value Vpgp displayed on
the MSP IAS display when the IAS HLD becomes engaged. If Vpgp i3 subsequently
changed via the 1AS slew switch to differ from V-, the displayed value will
blink. The change in Vpgp does not affect V.

The filtered airspeed Vpy 1 is subtracted from the filtered velocity
comuand Vcp by the basic VL control computations to obtain the velocity error
Ve,

In IAS HLD, zero steady-state velocity error is obtained by integra-
tion of Vg in the VL control law.
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5.3.4.1.3 AirspeeJ Select (IAS SEL)

In IAS SEL the raw airspeed command is given by
V¢ = Vpsp = displayed airspeed (ft/s)

[AS SEL automatically transitions to IAS HLD when
|[Vpsp = V7| becomes < 2 ft/s

5.3.4.1.4 Flight Path Angle Hold (FPA HLD)

Vertical speed command is computed from flight path angle command and
true airspeed by

ﬁc = Vy tan 7¢ ft/s

Tpsp may be previously selected FPA (by siewing) or an actual FPA
given by

7 = ‘1 _h_
A = tan (VT) deg

When FPA HLD engages in transition from FPA SEL, the commanded flight path angle
is,

T = the Ypgp coincident with FPA HLD engagement
where Ypgp is the FPA value displayed on the MSP.

The FPA SEL mode will engage automatically if ALT SEL is armed and
FPA SEL is not already engaged with a FPA reference which ensures convergence to

the selected altitude. When FPA SEL engages automatically, the system selects
an FPA reference to guarantee convergence to the selected altitude in 1 minute.
This computed reference is displayed on the MSP.,

"hpsp - h
Yo =Ypsp = 57.3 tan-l (-—D—S%ﬁ—vrr-sﬁ) deg

where .

1< vl £8 deg

If the FPA display is changed (via the slew switch) so that it dif-
fers from Y, the display will blink for 30 seconds and then revert to the cur-
rent value of 7.
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5.3.4.1.5 Flight Path Angle Select (FPA SEL)

Also in this mode,

he = Vy tan7¢

where Y¢ = Ypgp = the FPA value displayed on the MSP. FPA SEL automatically
transitions to the FPA HLD if

Tpsp - T becomes < .2 deg

an& the FPA display has not been slewed within the past 1 second, where Y, is
the actual flight-path angle.

5.3.4.1.6 Altitude Hold (ALT HLD)
In ALT HLD,

. K
he = Kp (he = hgga) + -%L (he - hsgp) ft/s

where %
Kn = Kno (1 + fi53) (ft/s)/ft, for Autopilot mode
fy1 = Sin gp
8p = Pylon angle (deg)

Kh = .1 (ft/s)/ft for manual Flight Director
kh = path integral gain = .005 s-2 for |he - hsgal < 25 ft -

and not manual FD
= 0 -2 otherwise

hsga = altitude above sea level (ft)

If the ALT HLD/SEL button is pushed when ALT HLD/SEL is not previ-
ously engaged, ALT SEL becomes armed, and h; is set by the G&C program to

hc = hngp, coincident with pushing the ALT HLD button

where hpgp is the altitude displayed on the MSP. While in the ALT SEL mode de-
scribed below, the active reference may be changed by slewing the hpgp to the
desired refarence via the ALT slew switch.
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When ALT SEL automatically transitions to ALT HLD, h¢ is set to
hc = the hpsp, coincident with ALT HLD engagement

If hpsp is changed (via the slew switch) while ALT HLD is engaged so
that it differs from h¢ rounded to the nearest foot, the display will blink, in-
dicating that it is a non-active future reference. If no action is taken within
30 seconds to re-arm the ALT SEL mode, the display will revert to the active
reference (non-blinking).

5.3.4.1.7 Altitude Select (ALT SEL)

If the ALT HDG/SEL button is pushed when this mode is not previously
engaged, ALT SEL becomes armed, the altitude display on the MSP blinks, and FPA
SEL engages. A value for Ypgp is first computed by the G&C program, which re-
sults in altitude capture in approx’'matcly 1 minute, but is subject to the
following limits:

1° < [vpspl £ 8°

The computed Ypgp may be altered manually, however, via the IAS slew switch
while FPA SEL remains engaged. FPA SEL then transitions to FPA HLD, as pre-
viously described. FPA SEL may be re-engaged at any time, while ALT SEL is
armed, to alter the fiight-path angle for capturing the selected altitude.

ALT SEL engages automatically when

h
[hpsp - hgpa! becomes < max [:5, ZhCL] ft

where

rate limit on he = 1.5 ft/s2

=
(=]
~
n

"

Then

b~ 4
(@]
[l

= Ky Faunp (he = hsga) ft/s
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where

&

the hpsp coincident with ALT SEL engagement

=
(2]
"

raw altitude rate command (ft/s)

t
FeLno = 3¢ £ 1

time after last capture (s)

)
aTlaYl , total hold gain blend-in time (s)
57.3 hoL

(2 4
L]

"

At

AY = Y. before capture (deg)

Kn as defined in Paragraph 5.3.4.1.6.
However, the filtered command, ﬁcp, is at the acceleration limit, ECL: as long
as

= ILshey (R) = hepl 2 ho = 1.5 ft/s2

ALT SEL automatically transitions to ALT HLD if both
|he = hgga| £ 50 ft for 2 seconds

and

!ﬁl £ 5 ft/s for 2 seconds

5.3.4.1.8 Reference Flight Path VL Guidance (VL RFP)

For the 3D guidance modes (RFP and LAND), the VL mode is armed only
after the LD mode has engaged. The LD RFP mode, described below, therefore
contains the computation and logic required for entering the eference flight
path and for transition between the flight path segments. Only the LD RFP mode
becomes armed when the RFP button is pushed (if not previously armed or en-
gaged). When LD RFP engages, the button turns green and the VL RFP mode becomes
armmed. While LD RFP is engaged but FL RFP is not, FPA HLD and FPA SEL may be
used to set up a vertical intercept with the RFP reference altitude, hgpp. When
the capture conditions for hgrp are met, VL RFP will engage, thereby disengaging
any other vertical mode. When VL RFP is armed, or if it is engaged with no
other vertical mode armed, the vertical deviations are displayed on the ADI and
the HSI.

e




The VL RFP capture and track laws are essentially the same as for
altitude capture and hold except that the reference altitude can have a slope
and is computed as defined below. In the reference flight-path entrance mode,
the reference altitude is defined by a straight backward extension from the en-
trance waypoint. The computation for segment n (connecting waypoints n-1 and
n), or for the backward extension of segment n, is given by

hRFP b hn - Dxn tan 7n ft
where

hpep = reference altitude wrt the runway for the reference flight path
(or a backward extension) (ft)

hy = altitude of waypoint n wrt the runway (ft)
Dxn = horizontal along-track distance to end of segment n (ft)

(xq = x)2 + (¥n - Y)Z for straight segment n

(An = Xcrn) (1gg) (Rn) for circular segment n
(x, y) = aircraft horizontal location in the runway coordinates (ft)
(xns ¥n) = location of waypoint n in the runway coordinates (ft)

Rp = radius of curvature of circular segment n, positive for right
turn (stored data), (ft)

Kn = Course angle at the end of circular segment n relative to the
X axis (stored data; may be different from A, + 1, the course
angle at the beginning of segment n + 1).

(xrns YRn) = location of the center of curvature of circular segment n in
the runway coordinates (stored data)

AcRn = course angle on circular segment n at the point nearest to the
aircraft, relative to the X axis

X = X
tan-1 (?E;—:B%> for right turn

XRp = X
tan-! (;Rf qu> for left turn

tanYp = slope of segment n
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The above nonvariable reference flight path parameters [{xpn, ¥n» hn),
{(XRns YRn)s Rn: Mn) are precomputed and stored as reference flight-path data.

1f LD RFP is engaged, VL RFPfy111 engage automatically {if

h - Vo tan 7,)2
Ihgep = h| < max L( .5

2 heL
where
Vg = ground speed (ft/s)
heL = acceleration limit = 1.5 ft/s2

Then, after the vertical capture,

. K
he = (Fgunp) Kn (hgep = h) + Vg tan 7y + -'s’l (hgep = h)  ft/s

where
Knh = Kno (1 + fy1) (ft/s)/ft, for Autopilot modes
fu1 = Sin gp
8p = Pylon angle (deg)
Kno = «2 (ft/s)/ft
Kn = .1 (ft/s)/ft, for manual Flight Director
Kny = path integral gain = .005 s-2 for |hpep = h| < 25 ft and not manua!
FO

= 0 s-2, otherwise

h = aircraft altitude wrt the runway (ft)

t
Feunp = ¢ £ 1

where

t = time after last capture

v
at = =L tana7l)
hcL

where

AY= (Ypp1 - Y¢) computed before capture (deg)
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However, the filtered command, ﬁcp, is at the acceleration limit,
hcL, as long as

-.% “‘t;‘CL (!.lc) - I.ICF| 2 ;CL = 1.5 ft/s

See Table 5-6 for relevant definitions.

5.3.4.1.9 Automatic Landing VL Guidance (VL LND)

If the LAND button is pushed when not previously armed or engaged,
thé LD LND mode becomes armed. The VL mode is armed when the LD mode engages,
and remains armed until the vertical capture conditions for VL LND are met.
After LD LND has engaged but VL LND has not, FPA HLD and FPA SEL, may be engaged
for the purpose of setting up an intercept with the vertical LND reference.

When VL LND is armed or engaged, the vertical deviations are displayed on the
ADI and HSI if MLS elevation is valid.

When LD LND is engaged, VL LND will engage automatically if MLS
elevation is valid and

: (.;I - Vg tan Yggp)2
?

{heg| < max _
2heL

ft

he = hynp = h = altitude error (ft)

hinp = altitude reference wrt the runway in the LAND mode, defined as the
altitude on the LND segment to be captured (ft)

h = altitude wrt the runway (ft)
Vg = ground speed (ft/s)
Yrer = reference glide slope for the selected LND submode (deg)
heL = acceleration limit = 1.5 ft/s?
The altitude rate command in the capture mode is given by

K
he = (FaLnp) Kn Mg + Vg tan Tpgp + —k he  ft/s

where FgiNps Kn and kpp are the same as defined in Paragraph 5.3.4.1.8.
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For both LND modes, a final vertical guidance mode is defined in
Paragraph 5.3.4.1.9.3. This final vertical guidance is the same for the two LND

modes, and is therefore not repeated in the following corresponding LND submode
paragraphs.

e LAND-1 Approach (Straight-in Approach)
Until the final glide slope is captured,

hinp = (X=XT) tanYgep ft
where
X = aircraft position along runway X-axis (ft)
X1 = X coordinate of touchdown point (ft)
YRer = reference glide slope (deg) ]
Yoer 1s selected via the keyboard, and is limited to
-8° < TgeF £ -2°

e LAND-2 Approach

Figure 5-14 illustrates the LAND-2 approach trajectory. It
consists of four segments, excluding the final vertical guidance described
below.

(a) A circular, level segment of radius 1189 feet, 2500 feet above
the runway and tangent to the reference flight path.

(b) A straight, level segment directed along the constant 18-
degree azimuth line.

(c) A descending, straight segment at a -6.l11 degree slope
directed along the 18-degree azimuth line.

(d) A counterclockwise helix segment of two revolutions tangent to
the 18-degree azimuth line. This segment has a 6.11 degree downward slope. The
location of the helix segment is preselected prior to LAND-2 engagement by
specifying Dy, the horizontal distance along the 18-degree azimuth 1ine from the
touchdown point to the helix center. X; must be between 1500 feet and 8307
feet, and is selectable at the keyboard via the HLX mnemonic.
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Figure 5-14
Reference Flight-Path and LAND-2 Trajectories
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(e) A final straight segment along the 18-degree azimuth 1ine with
a -6.11 degree slope. This segment terminates directly above the touchdown
point at an altitude of hgyy where hover before the final letdown occurs.

When LAND-2 is engaged, the reference altitude h yp 1s initially
defined for segment (a), and converts to segment (b) when the capture conditions
for segment (b) are met. Similarly, h_yp then remains defined for segment (b)
until the capture conditions for segment (c) are met. Hence, the reference
alpitude for LND2 is defined by

f.
2500 ft, for segments (a) and (b)
2500 + tan (-6.11) [(X1 - X)2 + (Y7 - ¥)2]1/2 ft, for segmert (c)

huyp = 2500 - (8307 - Xq) (sin 6.11) - |Ryx] tan (-6.11) (yz5) (18°~Uux)
ft, for segment (d)

tan (<6.11) [(xT - X)2 + (vp - ¥)2]1/2 ft, for segment (e)

where
Ryx = helix radius = -1189 ft
Yux = TRer = glide slope angle = -6.11 deg

“HX = helix course angle, ranges from 720 to O degrees for two
revolutions

X = aircraft position along the runway X-axis (ft)
Y = atrcraft position perpendicular to X-axis (ft)
(X7, Y7) = coordinates of touchdown point

The helix course angle may be computed as:

Xe = X
¥,y = tan-! (YE-_Y'E) + Yy degrees
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where
(X, Y) = aircraft horizontal position in the runway coordinates (ft)

VHxR = {nitially 720, decreases by 360 degrees each time Xy - X changes
from positive to negative

X4 = X coordinate of helix entrance point (ft)

The capture conditions for the segments are the same as defined
above for VL LND capture, where
‘ 0 for segments (a) and (b)

YRer *
-6.11 for segments (c), (d) and (e)

¢ Final Vertical Guidance - Figure 5-15 {llustrates the geometry for
the final vertical guidance in the LAND-1 (straight-in) and LAND-2 (HELIX)
modes.

The final vertical guidance consists of three straight segments:

(a) A glide slope segment of Yppr value over the approach axis Dg
through O = 0 and h = hgpy + hyp

(b) A horizontal segment over the approach axis at an altitude of
hto + hFIN

(¢) A vertical "letdown" segment at D¢ = 0.
The reference altitude for segments (a) and (b) is hence defined by
hrp - tan Yg [(X7 = X)2 + (¥ - Y)2]1/2, for segment (a)

henp =
htp + hFIN, for segment (b)
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Figure 5-15
Final Vertical and Longitudinal Guidance Geometry
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where
hyp = 0 (ft)
111124 ft for LAND-1
Xt =

\:686 ft for LAND-2

r
3 £t for LAND-1
Yr = ¢

\:1664 ft for LAND-2
hein = final hover altitude before letdown = 10 ft

The capture conditions for segments (a) aud (b) are the same as for VL LND
capture defined above,

where
<6.11 deg for segment (a)
TRer =
0 deg for segment (b)
The 1etdown mode is initialized 1f both
1] < 5 ft/s
and

[0p| < 24 ft

where
Of = aircraft position along the approach axis (ft)
6; = aircraft ground velocity along the approach axis (ft/sj

+X ft/s for LAND-1

+X (cos 18°) ft/s for LAND-2
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When the letdown mode is in effect, the vertical guidance is the following
altitude rate command:

. h-nh
he = - max (.2, -—-‘-E)- - .05) ft/s

The letdown mode will remain in effect until the LND mode is disengaged by the
pilot, or automatically when the weight-on-wheels discrete is received.

e LND Velocity Control - when the velocity submode of VL LND is
engaged, [AS HLD or IAS SEL disengages and velocity is controlled by the follow-
ing velocity profile law. If VL LND is engaged, LND Velocity engages automati-

cally when

VL Np becomes € Vg ft/s

where V| np is the computed deceleration velocity reference. If, at the time LND
Velocity is armed (at VL LND engagement), the land velocity reference (V| yp) is
more than 10 knots below the actual ground speed (Vg), then a "late" flare
condition exists and the Autopilot or FD will disconnect with a TOO FAST message
appearing on the DED. /

When the VL LND mode is engaged,
Ve = Vin

and Vg = 1.5 ft/s2
where GCL = speed command rate limit

Vinp is illustrated in Figure 5-15(b) and is given by

(/@6 - Dp1) Vinps 1F D > Dy

h Vino = < max (Veg, De/ Vinp/OfF1), if 0 < Df < DRy

_~VFos 1f OF < 0
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where
Df = horizontal along-track distance to go (defined below) (ft) | |

inflection point where profile changes from linear versus time to J
linear versus Dp; = 250 ft |

O
-n
[y

[

deceleration magnitude when Df > Dgy; = 1.5 ft/s@

< e
—
=
o
“

= velocity at Dgy = 19.36 ft/s

-
n
—

!l

final constant velocity before letdown = .25 ft/s

-

-

o
]

For a straight-in approach (LAND-1),
Dp = =X ft

For the 18-degree helix approach (LAND-2),
De = (4450 - X) (cos 18°) - [(Xy - 4450)2 + YT2]1/2

where (X7, Y1) are the coordinates of the touchdown point on Runway 30 at Crow's
Landing.

As shown in the time-domain profile in Figure 5-16(b), V np is
exprnential for D < Dpy until Vinp = Vpg. The exponential segment is incorpo-
rated to prevent excessive pitchup which would occur if constant deceleration
werc continued to the end. The exponential segment terminates with a low con-
stant velocity, Vgg; otherwise, D = O cannot be attained in finite time.

5.3.4.1.10 Go-Around VL Guidance

When the Go-Around mode is engaged from the research pilot's control
stick, an automatic altitude-select to 2500 feet ASL, is initiated and airspeed
hold at the current airspeed is engaged. After a S5-second delay, an airspeed
select to 60 knots is initiated if the airspeed is below 60 knots; otherwise,

airspeed hold will remain engaged.
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The above described operation is achieved with logic defined in the
GAPSH subroutine and the subroutines called by GAPSH. This logic generates the

S-second timer required and changes the basic VL mode directors and guidance
reference to provide the desired performance.

5.3.4.1.11 Vertical Deviation Indicators

The vertical deviation from the reference altitude is displayed on
the ADI and the HSI whenever the vertical RFP or LAND mode is armed or engaged
and a valid vertical deviation is available. Otherwise, the indicator needle is
stored oyt of view. If one of these modes is armed while another is engaged,
the deviation for the armed mrde is displayed. The deviation is proportional to
vertical footage error, hg, with scaling as follows for both indicators:

Mode| 1 dot =

RFP | 250 feet
LAND| 50 feet

Hence,
L+2 [2%5 hg] dots for RFP
WRT = { Ltz [35 hel dots for LAND
out of view otherwise
where

SyrT = ADI and HSI vertical deviation indicator value (dots)

5.3.4.2 lateral-Directional Guidance

The lateral/directional guidance commands go to the roll axis controls
and the roll flight director. Directional control is provided by the LD control
laws when A/P is engaged. The pedal commands provide turn coordination in
cruise conditions. In hover conditions they provide heading control.
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5.3.4.2.1 Primary LD Mode

] If the roll attitude is below %5 degrees when the primary LD mode

f engages, this mode immediately transitions to HDG HLD, except when the manual
Flight Director is on and the airspeed is below 30 knots. While primary LD is
engaged, a constant roll attitude-hold mode is in effect, defined by

dc = the ¢ coincident with engagement of the primary LD mode (deg)

The primary LD mode engages under the conditions described below:

o Automatic reversion
e A/P engagement
e FLT DIR engagement if A/P not engaged

5.3.4.2.2 Heading Hold (HDG HLD)
In the HDG HLD mode,

Yg = Yc - ¥ deg

where

Y = aircraft heading (deg)

When HDG HLD engages in transition from HDG SEL, then

c = the Ypsp coincident HDG HLD engagement (deg)

where

Ypsp is the heading displayed on the MSP.

If Ppsp is subsequentiy changed via the HDG slew switch so that it differs from
Yc, the displayed value will blink for 30 seconds, or until the pilot selects
the new heading. After 30 seconds, the display reverts to the current reference
value of heading.
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5.3.4.2.3 Heading Select (HDG SEL)

In heading select Yg¢ = Ypsp - § degree. HOG SEL reverts to HDG HOLD
when

| gl <6 deg

5.3.4.2.4 Lateral Circular Course Capture

A1l lateral captures of paths defined by straight and circular seg-
ments are of the following types:

o Straight segment to straight segment
¢ Straight segment to circular segment
o Circular segment to straight segment
e Circular segment to circular segment

The circular capture law described in the following paragraph is a
general law that computes the quantities required to define a circular path and
any deviations from the path for the four types of path transitions mentioned
above. The law defines the circular capture path to be tangent to the instan-
taneous aircraft course line and tangent to the path (circular or straight) to
be captured. At the instant of capture, the circular capture path is defined
and fixed in space relative to a conveniently chosen (0X, DY) coordinate system.
The deviations from this circular capture path are then computed in the chosen
(DX, DY) coordinate system. (See Figure 5-16 for a pictorial description of the
circular capture law.)

5.3.4.2.4.1 Armed Circular Course Capture

When an LD path is armed for capture, the following computations
are performed as a function of the data available for the capture computations.
The radial paths for VOR and TACAN will use basic (prefiltered) range/bearing
data to allow them to be independent of X, Y navigation. WPT radial captures as
well as all RFP and LAND captures will use X, Y navigation data since this data
is also required to track these paths.
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Figure 5-16
Circular Capture Geometry
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(a) Preliminary computations i

e Angular error to course arm reference:

Ag = Aca - Agg  deg

where

ACA = course arm reference derived from the MSP CRS display for radial
modes; computed for RFP and LAND modes.

Acp = current commanded course reference; reverts to actual heading if no
CRS mode is engaged.

e Capture Radius (used only for straight segment or outside
circular segment captures):

p sign Ag ft, if segment is circular

el = 2
57.3V Vg

max o 9 tan ¢1:] sign Ag  feet, otherwise

©
"

current circular path radius (ft)
ground speed (ft/s)
3 deg/s

O e <
- o (]
] " [}

nominal bank angle during capture

e Capture circle center coordinates in (DX, DY) coordinate
system:

v
Dyc = o1 SinAg + 29- ﬁl cos Ag feet

91
Oyc = o1 feet
where
&1 = nominal roll rate during roll-out for capture (deg)
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e DX coordinate at capture initiation (Dyxp):
- {f VOR/TAC radial armed:

Dyo = (Rsrn)o COS(AA)O feet

where

(RsTN), = Range to VOR ur TACAN station at capture (ft)

= Arm bearing error at capture from VOR or TAC bearing reference

(a3)
0
(deg)
- If LD WPT, RFP or LAND armed:

Dxo = cos(Aca = Yrny) (Xa(, + sinlaca = Upny) (Yp), feet

where

(XA)O’ (YA)O = aircraft coordinates at capture in runway axis system, feet

and
Acp = MSP CRS display value or A, for straight segments and is
computed as follows for non-tangent circular segments:
hY
\l:pz-d 2.2, p_ +d ]1/2?
. . -1 p CNTR 1 'p CNTR > .
Nea = Mg + (sign py)tan 1 o ¥ 7] j *e, deg
where

dentr * cos(hce = Yrny) (aY) - sin(Acg - $pny) (aX)  ft

pp = radius of path to be captured (ft)
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ay * adjustment angle to tangent direction to allow for finite roll-out
time (deg)
¢P = computed nominal bank angle for circular path to be captured (deg)
. Vg2
tan-1 -

ﬂpg

dcNTR = distance from course error engage reference l1ine to center of path
to be captured (positive for center to left of line)

Ul capture radius as defined above except for inside circular captures
where it is redefined as

= od feet

°1 CNTR

(aX, AY) = along runway axes distances to center of circle (ft).
For RFP or LAND paths,
aX = Xc-(Xpeplg ft

aAY = YC-(YREF)E ft

otherwise,

aX = Xc=Xp ft
AY = Ye-Yp ft

(X¢s Yc) = Coordinates of center of circular path to be captured in
runway axis system (ft)

(Xa, Ya) = aircraft coordinates in runway axis system (ft)
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(XRer)e» (YRer)g = coordinates of point currently flying to on RFP or LAND
path  (ft)

YrNy * runway heading wrt magnetic north

A1l other symbols have been previously defined.

For circular RFP or LAND paths the coordinates of the tangent
point T are computed as:

XT = Xc -IpPI sin(KCA - Uany) ft

Yr = Y¢ -lopl cos(Aca = Upny)  ft

X1 and Yt are then used to compute the crosstrack deviation from the tangent to
the circular path to be captured:

Dya = -sin(ca - UrNy) (Xa - X7) + cos(Pca = Bpny) (Ya - Y7)  ft
This quantity is used to determine the proper capture point.

(b) Capture Criteria - The circular capture law will transition

from the armed state to the engaged state when the following conditions are
satisfied:

e A/P or Flight Director is engaged and a course mode 15 armed
or engaged.

o The 3-second inhibit course engage timer has timed out
(after slewing).

e The capture angle to the new path is < 90°.

e If the path to be captured is a straight segment or a
nontangent circular path, then capture will occur when:

¢
Kie (oy (1 - cos g)1 < Dyp <o (1 - cosAg) + (sin Ag) (;E) (;l) ft
1
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for right turning captures, or

N
91(1 - cos Ag) + sin J\g(zﬁ) (2—1») < Oya < K¢ 91(1 - cos Ag) ft
9

for left turning captures, where K ¢ = late capture
tolerance factor, set to .6

OR when the following close and shallow capture conditions
are met:

|Oyal < 500 ft
and
|Oyal < 10 ft/sec

e If the path to be captured is a tangent circle, as deter-
mined by the following conditions:

cos(Acg = AcNTR) 2 0

and

lepl = Tro < ldentrl £ lepl + TroL

where

Ye - ¥
AcnTR = Tan-l ﬁ degrees is the

direction of the line from aircraft to the
center of the circle, and

TroL = tangency tolerance, set to 10 feet. All other
quantities previously defined,
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hen capture of the tangent circle will occur when

Ace = Acntrl 290 - a¢  deg

where

ac is the predicted angle at which capture must occur to
ensure proper roll-out timing. All other symbols have been
previously defined.

At capture, an LD capture flag (LDCAPF) is set to designate the capture phase.
5.3.4,2.4.2 Enqaged Circular Course Capture - During circular capture of a

path, the crosstrack deviation and deviation rate to the circular capture path
are computed as follows:

o Compute aircraft position along the DX axis:

for VOR and TACAN radial captures:

0X =o1e [Dxp - (RgTN) cos(?\é)] ft, DX is positive in the
direction of the radial
where

Dxp fs as defined in capture arm
RgTy = range to VOR or TACAN station (ft)

lé = engage bearing error from VOR or TACAN bearing
reference (deg)

.

+]1 when flying to the station
OTF =
-1 when flying from the station
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For WPT, RFP and LAND segments:

Dx = [cos(Ace = Wany) (Xa) + sin(Acg = Bgyy) (Ya)l = Dxo
feet, Dx is positive in the direction of Acg

where

Xas Yp = aircraft position in runway axis system (ft)
Ace = engaged course reference (deg)

o Compute aircraft velocity 6x along the DX axis

For VORVand TACAN radial captures:

Ox = [-Dyg (A¢) - 91 cos(A) (RsTR))  ft/s

where

Oye = engage crosstrack error (output of complementary
filter) (ft)

Mg = engage bearing error  (deq)

A

g * engage bearing errcr rate (deg/s)

éSTN = range rate to VOR or TACAN station

o +1 when flying to the station
TF -1 when flying from the station

For WPT, RFP and LAND seaments:

Ox = cos(Mcg - Sany) (Xa) + sin(Acg - Wany) (Ya)  ft/s

where

Ncp = engage course reference

iA, QA s aircraft velocities in runway axis system
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o Compute circular capture crosstrack deviation and deviation rate:

i
Octr * [(Dxc = 0x)2 + (Dyc - Dy)zll’z (stgn o) ft 4
d=p-0cNmm ft

. (Dyp - Dy) Dy + (Dyc - Dy) D
g _ {oxg - Ox) Ox + (Oyg y) Dy ft/s

DextR j
{

where
d = crosstrack deviation to circle (ft) %

e

= crosstrack deviation rate to circle (ft/s) ‘

OcNTR = sfgned aircraft distance to capture circle
center

{Dxc, Dyc) = capture circle center coordirate in (DX, 0Y)
system

Oyg, for VOR/TAC or WPT

01 = { stn(Ace - Yany) (Xa - Xp) + cos(Ace = Yrny)
kaA = Y%). fcr RFP or LAND segments

where

(Xps Yq) = (X7, Y1) for circular segments

(Xgs ¥7) = (Xqs Yn) for straight RFP segmerts

(Xgs ¥q) = (X_, Y) for straight LAND segments

(XL, YL) = coordinate of end point of LAND seguents

.
ove, for VOR/TAC or WPT

Y ® § osin(Ace - dany (Xa) + cos(Ace - Yany) (Yal i
for RFP or LAND segments
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5.3.4.2.4.3 (Circular Capture Progression Logic to Roll-Out and Track - The
circular capture law will sequence to a roll-out phase (where the predictive
roll angle is set to zero) when the following condition is satisfied:

|oxc - Dxl .<.3§ il‘) ft
L1

During the roll-out phase of the circular capture, the closed-loop control to
the circular capture path is still in effect.

The circular capture law will sequence to the track computations
when the following condition is met:

Dx 2 Dx¢ ft

5.3.4.2.5 Lateral On-Course Criterion - If one of the LD course modes is
engaged, the on-course integration submode will be in effect when the following
two conditions are satisfied:

|[Dyg| < 500 ft

IDygl <20 ft/s
When the on-course criterion is lost, crosstrack integration is inhibited.
5.3.4.2.6 VOR/TACAN Course Guidance (VOR CRS, TAC CRS) - The computations for

VOR and TACAN course guidance are identical except for the source of the bearing
and range data. The crosstrack error is computed by

DQ = DgTy SinA'  ft

where

Dgyy = horizontal range to the station (VOR or TAC)

2 .
ﬁsm - (hsga - hsTn)2 ft, if Rgry > (hsTn = hsTN)

"

0, otherwise
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where
hgpa = altitude above sea level  (ft)
ngTy = altitude of navaid station above sea level (ft)
RgTn = slant range to the station (ft)

. AREF - AgTN» if IAREF - RSTN' < 90 degrees . angular course

NgTN - 180° - A, otherwise deviation (deg)

{’ACE for engage mode

U}

Apgr = reference course angle to the station (deg) =

Aca for arm mode

AgTy = Ayor or Atac = bearing to the VOR/TACAN station  (deg)

Ryors RTAC» Ayor and Atac are computed by the navigation program.
The computation of crosstrack rate and position is illustrated in Figure 5-17,
and is given by

2 '
e ()

2Y
2+ s+ (27)
. 1 ,
Dy + TE? DY
S + 5
Toy

where Dy is crosstrack acceleration. It is computed as

Dy = ;LH cos(Aggr = ¥) - ;LH sin(Aggr - ) ft/sé

where

(XLHs YLH) = local horizontal aircraft acceleration (ft/s2)

% = aircraft heading (deg)
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Figure 5-17
VOR and TACAN Crosstrack Complementary Filter
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The horizontal acceleration is computed by the navigation program.

For engage modes,

and for ARM modes,

The initial condition value for the right integrator in Figure 5-17
is DQ, and for the left integrator, an estimate of Dy is used, given by

N\

Dy = Vg sin(A - Ager)

where

A = direction of Vg referenced to magnetic north  {deg)

e — — ———

i > wiedak & s
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Wher the VOR or TACAN mode is arn. (, the displayed course angle
blinks. If the applicable navigation "data good" flag is set (VORDGD for VOR,
TACOGD for TACAN) and the lateral course capture criteria are met, the mode
becomes engaged.

When the mode initially engages, the course display on the MSP stops
blinking. Also, if the applicable “data good" flag drops while the mode is en-
gaged, the mode reverts to the armed condition, and the primary LD mode engages.
The "data good" flag is generated by the navigaticn program, and drops, for
example, when the overstation condition occurs. After the overstation condition
has passed, the armed guidance will normally re-engage if the lateral capture
criteria are met,

5.3.4.2.7 Waypoint Course Guidance (WPT CRS)

The waypoint course guidance mode is functionally identical to VOR
and TACAN course guidance, but the range and bearing are referenced to a select-
able waypoint instead of a fixed navaid station. The waypoint cgordinates are
selected via the keyboard. However, the computations of Dy and Dy are based on
the navigation-processed X and Y data instead of bearing and range to the
station. Dy is computed as

Dy = (Xwpt - X) sin(Aper - UrNY)

- (Yypr - ¥) cos(Apgr - Yrny)  ft

where
(XwPT> YwpT) = waypoint location in the runway frame (ft)
(X, Y)

aircraft horizontal location in the runway frame (ft)
AREr = course reference angle (relative to magnetic north)  (deg)

YrNY = runway heading (relative to magnetic north) = -7.3 deg
Oy is given by

Oy = ¥ cos(Aggr = Yrny) = X sin(Apgr - Urny)
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where

Rt A,
- -

(X, Y) = aircraft horizontal velocity in the runway frame (ft/s) i

The transitions from the armed condition to the engaged condition and
vice versa, and the blinking of the CRS display are the same as for the VOR and
; TAC CRS modes. The "data good" flag for WPT CRS is NAVVLD (good is # 0).

T

5.3.4,2.8 Reference Flight Path LD Guidance (LD RFP)

nadae s s a e

The reference flight path is illustrated in Figure 5-4, and reference
flight-path data is described in Paragraph 5.3.5.

In order to set up the LD RFP mode, a valid entrance waypoint number
must be selected via the keyboard. When LD RFP is armed, or engaged with no 4
other LD mode armed, the reference course angle for RFP is displayed on the MSP 1
and the course deviation to the selected waypoint is displayed on the HSI and
ADI. If LD RFP is armed, it will engage when the lateral course capture cri-
terion (Paragraph 5.3.4.2.4) is met and the navigation data is valid (NAVVLD

| set). A valid waypoint number is one that is included in the programmed refer-

ence flight path.

5.3.4.2.8.1 Reference Flight Path Entrance

If waypoint number n is selected for the entrance waypoint, the LD
capture will be made on a backward extension of segment n, which is the segment
connecting waypoint n-1 to waypoint n, For a straight segment, the backward
extension is simply the straight line extending backward from segment n., If
segment n is circular, a proper intercept of the circular segment must be set
up. The intercept course must intercept the circular segment at an angle < 90
degrees with respect to the segment direction at the intercept point.

? The crosstrack displacement from the straight backward extension to
waypoint n is given by

Dy = (YA - Yn) Ccos An - (XA - Xn) sin ft
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where

(Xns Yn) = location of waypoint n in the runway coordinates (ft)

An = course angle of the backward extension from waypoint n relative
to the X axis (deg)

If segment n is straight,

Yo = Y
< tan=l [ 2D n-1
A, = tan (T—_n - Xn-l) deg

The crosstrack rate is given by
Dy = Y cos Ay = X sin \q ft/s

where

(X, Y) = aircraft velocity vector in the runway coordinates (ft/s)

5.3.4.2.8.2 Straight Segment Guidance

The crosstrack displacement from a straight segment n is computed
by

where

(Xn» Yp) = location of waypoint n in the runway coordinates (ft)

n = course angle of segment n relative to the X axis

Yn = Yn-1 ‘
= tan"l N n-l 1
<xn - xn-l)

The crosstrack rate is computed by

Dy = Y cos A, - X sind, ft/s i
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$.3.4.2,8.3 (Circular Segment Guidance

The crosstrack displacement from a circular segment n is computed

as
Oy = Ry = Dan
where
Rn = radius of curvature of seament n, positive for a right-turn
segment  (ft)
Dpp = aircraft horizontal distance to the center of curvature of
segment n, positive for a right-turn segment (ft)
=t \(Xgn - )2 _ (Ypn - ¥)2
(XRns YRn) = location of center of curvature of segment n
The crosstrack rate is computed by
« [(Xpn = X) X + (Ygp = ¥) Y]
Dy = ft/s
Y OAn /
where

(x, ?) = aircraft velocity vector in the runway coordinates

5.3.4.2.8.4 Segment-to-Segment Transition

The system will perform a circular capture of segment n + 1 when
the capture criteria defined in Paragraph 5.3.4.2.4.1b are met for the n + 1
segment. Whenever the system is tracking any given segment, it is always armed
to capture the next segment.




5.3.4.2,9 Automatic Landing LD Guidance (LD LAND)

The selection among the two approach modes should be made before LAND
is armed as described in Paragraph 5.3.2.3. If valid MLS navigation data is
available, the straight-in and helical MLS LAND mcdes are allowed. If LD LAND
is engaged when the MLS navigation data becomes invalid, the LAND mode
disengages and LD LAND is rearmed.

When LD LAND is armed or engaged, the reference course angle is dis-
played on the MSP, and the course deviation is displayed on the HSI and the ADI
with expanded sensitivity. If LD LAND is armed, it will engage when the lateral
course capture criterion is met,

503.402-901 LAND'I (Straight Iﬂ)

The crosstrack displacement and rate from the MLS localizer are
given by

Dy =Y ft
Dy = Y ft/s

where Y and Y are the runway Y-axis aircraft position and velocity as computed
by the navigation computations.

5.3.4020902 LAND‘Z (He]1x1

The helix approach trajectory is described in Paragraph 5.3.4.1.9.2
and is illustrated in Figure 5-14. For segment (d), the helix, the crosstrack
displacement is computed by

Dy = Ryx + Rayx ft

where

Ryx = helix radius = -1189 feet

Rays = aircraft horizontal distance to the helix axis

=N Uy - X2+ (g = 02 ft
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The crosstrack rate is computed by

Dt = X0 X+ (Y = 1) Y]

Oy RAHX

ft

where
(i, 9) = aircraft velocity vector in the runway coordinates (ft/s)

(Xux» YHx) = coordinates of point on helix nearest aircraft (ft)

5.3.4.2.10 Go-Around LD Guidance

When Go-Around is initiated from a LAND-1 approach, an {mmediate
heading-select to the runway heading of 353 degrees occurs. If Go-Around is
inftiated from a LAND2 approach, the existing roll attitude will be held (LD
PRIMARY) until the aircraft heading falls within a +20 degree range of the run-
way heading (353 degrees). When this condition is satisfied, a heading-select
to the runway heading is initiated. The above described operation is achieved
with Yogic that generates the changes to the basic LD mode directors and heading
reference to provide the desired performance.

5.3.4,2.11 Course Deviation Indicator

The course deviations associated with the TACAN, VOR, WPT, RFP, and
LAND guidance modes are computed whenever one of the above course modes has been
selected via the Mode Select Panel, independent of whether the Autopilot or
Flight Director has been engaged. These deviations are displayed on the HSI's
Course Deviation Indicator (CDI).

In the manual course mode the deviations displayed on the CD! are
computed directly from navigation data in the guidance software. However, when
in a non-manual course mode (either Autopilot or Flight Director engaged) the
course deviations are computed from guidance lateral deviations for TACAN, VOR,
and WPT modes.

1f one course mode is armed while another is engaged, the deviations

for the armed mode are selected for display on the CDI. The deviation seiected
for display in the TACAN, VOR, and WPT modes is proportional to the angular
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course deviitions, with scaling as shown in the following table. For the RFP
and WPT course mocdes, the deviation shown on the CDI is proportional tc the
lateral crosstrack deviation with the following scale:

Course Deviation

Mode Display Scaling
TACAN 1 dot = 5 degrees
VOR 1 dot = 5 degrees
WPT 1 dot = S degrees
RFP 1 dot = 1000 feet
LAND 1 dot = 100 feet

when no course modes are selected, the COI is centered.

Hence,

0 for centered

/‘
D
L+2 [%- (5§¥i) (l;gi] dot, for VOR or TACAN modes

~ )
0 .
Scrs = { Lap ]L}g (..L) (LEQ)_J dot, for WPT mode

1
L+2 Um Dy] dot, for RFP

)

Lin LHIJU 07] dot, for LAND

where

8crs = course deviation indicator value (dots)

(=)
-
L]

guidance lateral crosstrack deviaticn (ft) (Dyg for engaged
modes, Oya for armed modes)

OsTN = distance to NAV station  (ft)

RWFT = range to waypoint  (ft)
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5.3.4.2,12 TJO/FROM Indicator

The TO/FROM indicator on the HSI 1s associated anly with the TACAN,
VOR, and WPT guidance course modes, and indicates the direction of a selected
course radial in relation to a selected navaid or waypoint.

The TO/FROM indicator indicates TO (arrow in the same direction as
course-select pointer) if the absolute value of the angle between the course-
select pointer and the bearing to the selected navaid or waypoint is less than
90 degrees, 1.e.:

IARer = Mgt < 90°

where
AgerF = selected course reference angle relative to magnetic north  (deg)

ASTN = bearing to selected navaid or waypoint (deg)

The TO/FROM indicator will indicate FROM (arrow in opposite direc-
tion to course-select pointer) if the absolute value of the angular difference
between the course-select pointer and the bearing to the selected navaid or way-
point is geater than 90 degrees, i.e.:

| reF = stal 2 90°

where

ARer and Agry are defined above.

If a course mode associated with the TO/FROM indicator is armed
while another is engaged, the TO/FROM indicator will be associated with the
armed mode. When no TO/FROM course modes are selected, the TO/FROM indicator is
stored out of view,
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5.3.5 Reference Flight Path and LAND Data

The parameters for Reference Flight Path implemented in the basic program
are given in Table 5-13, The table includes the following information:

e Waypoint/Segment Index - Four waypoints are used, indexed from 1
through 4 as shown in Figure S-4,

N.

Segment n connects waypoints n-1 and

TABLE 5-13

REFERENCE FLIGHT PATH DATA
(segment n terminates at WPT n)

Index n 1 2 3 4

Waypoint Location Xn 4450 -25000 -25000 4450
Yn -9000 -90C) 0 0

hn 2500 2500 2500 2500
Radius of Curvature R -4500 0 -4500 0
Center of Curvature XRn 4500 - -25000 -
YRn -4500 - -4500 -
Segment FPA n 0 0 0 0
Segment Final Course Angle/RNY | A, 180 180 0 0

e Waypoint Location, (Xn, Yn, hp) - The waypoint locations are referenced
to the runway coordinate system, measured in feet (hn = -2p).

¢ Radius of Curvature, Rp - In addition tn the conventional definition of

radius of curvature, R, is defined to be negative for a left-turn
circular segment, and zero for a straight segment (thereby identifying

the straight and circular segments).

It is measured in feet.

e Center of Curvature, (Xgn, YRp) - Conventional definition, measured in

feet.
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case where segment n ts circular and the course angle makes an abrupt
change at waypoint n + 1, Ap s needed and is given by

tan-1 2n_- *Rn-1

m,‘lfRn}O

Ap =

XRp-1 = X
tan-1 72"—_178-"-:;1 1f Rn < 0

_ The data which specifies the LAND2 path is given in Table 5-14. The
LAND2 path is specified with the same types of parameters as for the Reference
Flight Path. The segment index identifies the endpoint of a segment ((a)
through (e)), except for Index 3 which is on an extension of the straight
segment (c), right above the touchdown point (to simplify computations). Some
of the parameters in the table are computed in terms of D4, which is the
selectable (via the keyboard) horizontal distance from tihe helix tangency point
to the touchdown point (see Figure 5-14), Distances are given in feet and
angles in degrees.

TABLE 5-14
LAND-2 CATA
Index n 1 2 3 ) 5
Waypoint Location | X, -=16120 | -8583 | -683 -683 - .9511 Dy -583
Yn -6689 -4231 | -1664 | -1664 - ,3090 Dy | -1664
fn 2500 2500 1611 10 + ,1070 Dy 10
Radius of Rn -1189 0 0 -1189 V]
Curvature
{ Center of Yn | ~15750 0 0 Xg - 367 0
Curvature '
Yan | -7810 0 0 Yq + 1131 0
Segment FPA 7" 0 0 “6011 "6011 '6011
Segment Final An 18 18 18 18 18
Course Angle/RNY
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5.4 NAVIGATION

The Basic computer navigation program computes aircraft position and ground
velocity with respect to the Crow's Landing runway coordinate frame, using
ground-based navaid position data augmented with acceleration data derived from
a strapdown system. The available navaid data sources are the VOR/DME at
Stockton and the TACAN and MLS at Crow's Landing. The acceleration data is
supplied by the outputs of three body-axis-mounted accelerometers. The vertical
position information is derived from barometric, MODILS and radio altitude data.

The raw navaid data is first prefiltered to reduce noise levels and "“coast
through" short-term data dropouts. The general prefilter block diagram is shown
in Figure 5-18. The raw data value p is input to a rate-limiting lag filter of
time constant 7 The output of the fi1ter,‘%; is the estimated value of the raw
data. The phase lag that is introduced by the 8/p lag filter is compensated for
by the summation of the raw data rate estimate p at tke integrator. This rate
estimate is derived frcm aircraft heading and ground speed. When the raw data
value differs from the estimated value by more than a specified amount (€), the
switch in the position loop opens and the raw data is ignored until it returns
to a reasonable value. In this mode the estimate is updated by the integral of
p. The position loop is also opened if the data becomes invalid. The filter
time constant 7 and the rate limit value are chosen for each type of Navigation
source and vaﬁlfble to reject noise on o and mininize steady-state errors due to
errors in the p estimate.

©>

V|-
N)-»

DATA VALID
AND A< E

N
RATE o
o . A-::_-""" LIMIT " | !

714-3.100

Figure 5-18
Navigation Prefilter
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The filtered navaid estimates for a given navigation source are then trans-
formed into runway-axis-referenced coordinates (X g, Y'g, Z'g). Figures 5-19
through 5-21 illustrate the geometries involved in these transformations. The
outputs of these transformations become the inputs to the navigation complemen-
tary filters. The X complementary filter is shown in Figure 5-22, and is
discussed below. The Y complementary filter is obtained by replacing X with Y
wherever it is used in the figure or the text since the two filters are
functionally identical.

The X complementary filter is a third-order filter with fixed gains. The
gains are chosen to give complementary weighting of the acceleration (Xp) and
position (X'g) inputs. The outputs of the filter are estimated position (Xg),
inertial velocity (iR), and the wind components in the runway coordinate system
(iw). The proportional and integral paths in the feedback are included for
compensating bias errors in the accelerometers. The integral path is switched
in only when valid navaid pesition data is present.

The dead-reckoning mode goes into effect when the selected navaid has re-
mained invalid for a period of 5 seconds. In this mode the velocity loop is
closed and the position loop is open. The last value of filtered position, Xg,
is updated with position changes derived from the air mass velocity component
(iA) and the last (just prior to switching to dead reckoning) computed value of
wind velocity component (iw). The position update accurate in this mode
deteriorates with time, especially with changing wind conditions, and hence dead
reckoning is limited to a period of 2 minutes.

The 2 complementary filter which estimates aircraft height above the Jrow's
Landing runway is shown in Figure 5-23. The filter is similar to the X and Y
complementary filters, however the gains are a function of the aircraft alti-
tude. The Z filter becomes a third-order filter only pvelnow 100 feet when a

high- gain integral term is used to eiiminate any height bias due to
accelerometer biases.
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Figure 5-19
Geometry of TACAN and VOR/DME Navigation
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Geometry for MLS Navigation
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Figure 5-21
MLS Conical Elevation-Angle Radiation Pattern
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5.5 FAILURE MONITORING AND DIAGNOSTICS

The failure monitoring function consists of detecting that a system failure
has occurred. This is done by monitoring the hardware valids and computing
software valids. Timers are provided for some of the valids. When such a valid

drops, the failure is determined to be conclusive only after the valid has
stayed low for a specified time. This prevents nuisance failure actions for
momentary loss of a valid, such as for power transients, settling time, etc.

The diagnostic function consists of identifying the failure that has
océurred, and displaying appropriate information to the pilot. If the engaged
mode depends on a failed unit, then the mode is disengaged and the failure is
annunciated.

The monitors are grouped in three categories, depending on the mode for
which the failures are critical:

e Manual Monitors
e Flight Director Monitors
e Autopilot Monitors

The Manual monitors include:

¢ Vertical Gyro

¢ Radio Altimeter

® Research Computer
¢ Hardware Discretes

The Flight Director monitors include:

e Pitch Rate Gyro
e Roll Rate Gyro
e Yaw Rate Gyro

e Accelerometers

¢ Spead Limits

e Land Navigation
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The Autopilot monitors include:

¢ Servos

¢ Conversion System

e Force Transucers

o RPM Governor Actuator
o Mast Torque

When neither the F1ight Director nor the Autopilot is on, only the Manual
monitors are checked. When only the Flight Director iz on, both the Manual and
the Flight Director monitors are checked. When the Autopilot is on, all
monitors are checked,

Table 5-15 summarizes the failure monitoring criteria. When a failure
occurs, it will be annunciated on the DED. The message associated with each
failure monitor is shown in Table 5-15. A message-alert light on the cockpit
instrument panel annunciates that a failure message is displayed on the DED.

TABLE 5-15
FAILURE MONITOR SUMMARY

Monitor Failure Criteria Failure Message Action

Vertical Gyro

a) VG valid VG valid = 0 VERT GYRO

b) Pitch Attitude 18] > 30 degrees EXCESS PITCH Note 1
c) Roll Attitude |¢| > 55 degrees EXCESS ROLL

Research

a) Computer Valid Research computer not RES COMPUTER Note 1
valid and Research mode

engaged
p) Research to Test words incorrect BASIC/RES 10 Note 1
Basic [/0 and Research mode
engaged
¢) Research Soft- Software Valid = 0 RES SOFTWARE Note 1

ware Valid
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TABLE S-15 (cont)
FAILURE MONITOR SUMMARY

Monitor Failure Criteria Failure Message Action
" No Research mode RES DISABLED 3
selected and Re-
search Autopilot
d) Research engaged >Note 1
Autopilot
LD and VL guidance RAP INVALID
not selected and
Research Autopilot
- engaged J
Data Adapter
Data Adapter Servo Difference between com- | DATA ADAPTER Note 2
Command End-Around mand output and command
Monitors input > 3 percent full
scale
Pitch Rate Gyro
Pitch Rate Gyro Pitch Rate Gyro PITCH R GYRO
Valid Valid = 0
Note 1
Pitch Rate Error Pitch Rate trror > 5 PITCH RATE
deg/sec (see text)
Roll Rate Gyro
Roll Rate Gyro Valid| Roll Rate Gyro ROLL R GYRO h
valid = 0
Roll Rate Error Roll Rate Error > 10 ROLL RATE ?Note 1
deg/sec (see text)
Excessive Roll Rate | Roll Rate > 20 deg/sec EXCES R RATE _
Yaw Rate Gyro
Yaw Rate Gyro Valid | Yaw Rate Gyfo Valid = 0 | YAW R GYRO ‘1
Yaw Rate Error Yaw Rate Error > 10 YAW RATE ; },NOt& 1
deg/sec (see text) i'
Conversion System g
Conversion Valid Conversion Valid = Q CONVRSN SYS i
| )Note 2
! Conversion Position | Position Error > 3° CONVRSN RATE »
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TABLE 5-15 (cont)
FAILURE MONITOR SUMMARY
Monitor Fajlure Criteria Failure Message Action

Power Lever
Power Lever Valid Power Lever Valid = 0 POWER LEVER Note 2
Flap Interface
Flap Lever Valid Flap Lever Valid = 0 FLAP LEVER Note 2
Flap System Valid Flap System Valid = 0 FLAP SYS Note 1
SCAS/FFS Interface
SCAS/FFS valid SCAS/FFS Vvalid = 0 SCAS/FFS SYS Note 2
RPM Governor i
RPM Governor Valid RPM Governor Valid # 0 RPM GOVERNOR Note 2
Accelerometer
Lateral Acceleration! ay sensor > .25g for LAT ACCEL A

2 seconds
Longitudinal ay sensor > .25g for LONG ACC:tL
Acceleration szeconds P Note 1
Normal Acceleration | az sensor > 1g about NORMAL ACCEL | )

a lg bias for .2 second
Force Transducers

\

Pitch Over-Force Force > 3.5 pounds for PITCH OVRFRC

1 second

Force > 7.0 pounds (no

delay)
Ro11 Over=Force Force > 3.0 pounds for ROLL OVRFRCE >

1 second Note 2

Force > 6.0 pounds (no

delay)
Yaw Qver-Force Force > 10.0 pounds for | YAW QVRFRCE

1 second . <

Force > 20.0 pounds (no

delay)
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TABLE 5-15 (cont)
FAILURE MONITOR SUMMARY

Monitor Fatlure Criteria Failure Message Action
Radio Altimeter
Radio Altimeter Radio Altimeter RAD ALT RCVR
valid (Monitor for Valid = 0
Altitude < 500 ft)
Note 1
Altftude Error {Mon=| Error > 50 feet (see ALTITUDE
itor for Altitude text)
< 500 ft) 1
ADI Indicator
Attitude valid** ADI valid = 0 for .1 ADI ATTITUDE Note 3
second
MFD System
MFD Display Unit MFD Display Unit MFD DISPLAY
Valid valid = Q for 10 Note 3
seconds Light Map
MFD Symbol Generator | MFD Symbol Generator MFD SYMB GEN Annuncfator
Valid valid = 0 for 10 '
seconds
Compass i
Power Valid Flag Alarm Warning = 0 CONPASS SYS Note 1
for 10 seconds
HSI System
Heading Valid HSI HEADING Note 1
Course-Select Valid HSI CRS SEL | )
Heading-Select Valia | Any HSI valid = 0 for HSI HDG SEL
10 seconds 5 Note 3
Bearing 1 Valid HSI SELARING)
8earing 2 Valid HSI BEARING2 )
Mode Select Panel
MSP T/R Valid MSP valid = ¢ for MODE SEL PNL Note 3
1 second
5<113
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TABLE 5-16 (cont)
FAILURE MONITOR SUMMARY

Monitor

Feflure Criteria

Failure Messa

ge Action

Flight Mode Annun
FMA valid

Data Entry Display
DED valid

Blower

Blower Valid

Speed Monitor

High Speed
Low Speed

LAND Navigation
Monitor

Navigation Director

FMA valid = { for
1 second

DED valid = 0 for
1 second

Air Flow Valid = Q0 for
10 seconds

Vias 2 Vg max (see
text)

Vias < VCL min (see
text)

No MLS navigation when
land course mode
engaged

FLT MODE ANN

DATA ENT DSP

BLOWER OFF

TOO FAST

TO0 SLOW

LOST MLS NAV

Note 3

Note 3

Note 3

Note 1

Note 1

Note 1:
Director.

Note 2:
Note 3:

Disengage Autopilot.

Disengage Autopilot.

Display Message.

*V/STOLAND caution = flashing 1ight,

Turn on V/STOLAND caution*.
Display message.

Turn on V/STOLAND caution®*.

**This monftor is lTocked out if VG valid drops.

Disengage Flight

Pisplay message.
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The pitch, roll, and yaw rate gyro errors referred to in Table 5-15 are
computed by taking the derivatives of the VG and 0G attitudes and comparing them
to the transformed pitch, roll, and yaw rate gyro outputs. The altitude error
referred to in Table 5-15 1s computed by comparing the radio-altimeter derived
altitude to a bleaded altitude derived from the barometric altimeter and MLS
range and elevation data. This comparison is only performed for altitudes less
than 500 feet to ensure a proper transition to and operation of radio altitude
during landings. The speed 1imits VCL max and Ve, min needed to implement the
speed monitors referred to in Table 5-15 are computed in the configuration
control portion of the V/STOLAND program. These speed limits are vunctions of
the pylon angle as shown in Figure 5-24, The limits are specified in the XV-15
atrcraft familiarization and operating document to cefine a conversion corrider
within which the possioility of stalling the aircraft is minimized.
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SECTION VI
SYSTEM VALIDATION AND TESTING

The V/STOLAND system was subjected to the following five stages to assure
the integrity of and validate the performance requirements of the system:

(1) Component Acceptance Testing

(2) Software Development Testing

(3) Static Acceptance Testing

(4) Dynamic Validation Testing at the Sperry Simulation Facility

(5) Dynamic Acceptance Testing at the ARC Simulation Facility

Formal test specifications were written and submitted for the (1), (2), and (5)
test stages. Informal test procedures and results were also written for the
software development testing (2). The dynamic acceptance test procedures for
(5) were used for (4), but without formal sign-off. The following paragraphs
describe the five test stages.

6.1 COMPONENT ACCEPTANCE TESTING

Complete electrical functional tests were performed on the following com-
ponents, using Sperry Automatic Test Equipment and special test fixtures, and
were formally witnessed by Sperry and government QC representatives:

o Mode Select Panel

¢ Data Entry Keyboard

e Data Entry Display

e Flight Mode Annunciator
e Data Adapter

e 13198 Computer

The Acceptance Test Specification published for each component details the test
procedures and approval requirements.
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The Sperry product-1ine components underwent the regular factory acceptance
tests. Th~se components include:

e HSI Display Unit (RD-202)

e HSI Amplifier Rack

e HSI Signal Conditioning Unit

o ADI (HZ-6F)

e Static Pressure Transducer

o Accelerometer Assembly (3-Axis)
e Rate Gyro Assembly, Yaw/Roll

e Rate Gyro Assembly, Pitch

Since the MFD system (Display Unit and Symbol Generator) requires a computer to
generate input data, it was tested in the closed-loop simulation environment as
part of the Static and Dynamic Acceptance Tests.

6.2 SOFTWARE DEVELOPMENT TESTING

After each software module had been coded, assembled and first-cut
debugged, an "Informal Software Test Procedure" was written which listed the
tests to be performed on the module and the desired results. This procedure was
often updated as the tests were performed, and the results were recorded and
signed by the engineer. This procedure thus provided a running log of any prob-
lems encountered and the changes made to solve the problems. The tests were
performed on an interactive test facility utilizing utility programs that permit
running any par* of a program, or stepping through a program while inspectiny
all internal rejisters of the processor. Some modules were also run in a simu-
lTation environment to obtain input data.
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§.3 STATIC ACCEPTANCE TESTING

The Static Acceptance Test (SAT) is a formal test for validating all elec-
trical interfaces between all system components, and to/from all external
destinations/sources. A SAT Procedure document was published which detailed
test procedures, performance requirements, and acceptance requirements. Figure
6-1 shows the cabling between the system components and peripherals in the simu-

lation environment.

The Static Acceptance Test consists of six groups of tests conducted in the

order given:

(1) Basic and Research computers to peripherals, and Basic to Research
Computers

(2) Basic computer to cockpit instruments, via Data Adapter; also includes
computer Built-In-Test

(3) Basic computer to Airborne Hardware Simulator (AHS) via Data Adapter,
and simulation cab to AHS

(4) Additional discrete Basic computer outputs
(5) Autopilot control engage logic and interlocks in Data Adapter

(6) Noncimulation-environment interfaces (static pressure tiansducer)

Most of the tests are implemented by running a test program developed for this
purpose in the various computers, with printouts of test results where appli-

cable. The Preflight Test program was also used for group (2) above.

6.4 DYNAMIC VALIDATION TESTING AT SPERRY

Before the system was shipped to NASA it underwent a complete validation
test in a simulation facility at Sperry. Figure 6-2 is a block diagram of this
facility, and Figure 6-3 shows the facility area photographically. The simula-
tion cab, shown in Figure 6-4, contains the V/STOLAND cockpit panels, plus
several aircraft instruments simulated by galvanometer-type meters: calibrated
air speed, baro altitude, verticai speed, rpm, flap angle, pylon angle, angle of

attack.
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Figure 6-3
Sperry V/STOL/AND Simulation Facility
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Fiqure 6-4
sperry V/STOLAND Simulation Cab




Meters shown on the right side of the instrument panels also indicate the
positions of the four basic control actuators - roll (ailerons and differential
collective), pitch (elevator and cyclic pitch), yaw (rudder and differential
cyclic pitch), and power lever (power and collective pitch). They are part of
the Sperry simulation environment only (no equivalent on the aircraft).

The cab included the following controls and switches:
e Control stick for pitch and roll

o Power lever stick

o Pedals

e A/P disconnect switch (on control stick)

o Trim release switch (on control stick)

e Go-Around switch (on control stick)

e Pylon conversion switch (on power lever)

e RPM command switch (on power lever)

e Flaps command switches (on center console)

e Hold/Operate/Reset switches for the simulation computation (on center
console)

The control stick, power lever and pedals were outfitted with LVDT and synchro
position sensors, bungees and magnetic brakes, as in the aircrft installation.
However, the servos were simulated in the simulation computer. The above
switches and sensors were interfaced to the Simulation computer via the Airborne
Hardware Simulator (AHS) described in Paragraph 4.15.1 and illustrated in Figure
4-60. The AHS also provides digital-to-analog (D/A) conversion for two
8-channel strip-chart recarders, driven by software in the Simulation computer
which multiplexes two signals on each channel, yielding 32 possible variables
recorded simultaneously on the strip charts.




The Simulation computer was a laboratory version of the 18198 (not packaged
for airborne use) with 32K memory. The simulation software includes the follow-
ing functions:

e Nonlinear, six-degree-of-freedom simulation of the XV-15 aircraft motion
based on Bell Helicopter's mathematical models, including the effects of
pylan conversion (with associated control mixers), flaps, landing gear,
and associated actuators.

e Simulation of the Calspan SCAS and Force-Feel systems (described in
Paragraph 4.2).

o Simulations of the large complement of sensors, including the navaid
signals from the VOR, DME, TACAN and MLS receivers, static and dynamic
pressure sensors, accelerometers, rate gyros and directional gyros. Also
included, noise models for the navaid signals.

e Wind and turbulence models.

e Provisions for convenient selection of aircraft initial conditions and
trimming.

e Strip-chart recording routines to facilitate selection and scaling of
variables to b2 recorded from simulation or airborne computer data.

o Utility software for peripherals handling and for inspection and modi-
fication of computer memory data via the CRT.

The basic cycle time for the simulation computations is 50 milliseconds, with
some o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>