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~ 1.0 INTRODUCTION

The purpose of this program was to establish system requirements and
develop specific design data leading to the full  development and construction
of the AAE S TA—iC Simulator . This simulator will in essence be a hot bench
mock up of the AAES technologies designed to operate and control the TA—7C
electrical and avionic systems . The hot bench mock up configuration, the ADM
equipment installation and system interconnect wiring closely simulates an
actual TA—iC. Thus it will allow laboratory verification of the AAES technologies

• in an environment that closely approximates an actual aircraft weapon system.

The work performed under this program consisted of two major items,
these being:

o completing specific design tasks relative to the AAES TA—ic
-- Laboratory Simulator Design and,

•0 a performing technical services for NADC relative to the AAES
-~~ development and ADM hardware procurements.

The design tasks included evo lving a modular system implementation concept for
the simulator; developing system designs, interconnection data and wire diagrams

- - for the TA—7C systems and circuits using the AAES technologies ; establishing
• .. requirements for system control including a methodology for automatic load

management; and identifying the use and requirements for the ADM hardware . The
technical services consisted of participating in and assisting NADC in AAES
Program and ADM Hardware Development design reviews , assisting NADC in establishing
AAES system and hardware requirements , and providing NADC with planning information
and data for definition and implementation of the AAES Laboratory Simulator and

F the AAES Flight Test System. -

A modular system design concept for the simulator was developed to allow
test and checkout of the complete TA—7C systems and circuits on a “group” basis.

• A modular design is necessary because the simulator will encompass the full
• complement of TA—ic systems; however, due to resource limitation, only a partial

set of AAES ADM equipment is being developed for the simulator. The modular
design developed allows reassignment of the A111 equipment for operating and controlling
the TA—ic systems in four functional groups. These four groups are characterized
as (1) weapon control and release, (2) flight control, (3) navigation and (4)
communications subsystems. Interspersed among these groups are the various airframe

• . utility subsystems. Assignments of the utility subsystems was based on enabl-
ing most of the AThI components to be functional during each of the four test
configurations. The modular concept therefore provides a realistic simulation of
aircraft electrical/electronic system integration as well as intersystem EMI

• (Electromagnetic Interference) environments . The final aspect of the modular desi gn
evolved is that it will allow updating the simulator to a “full—up” system with

• minimal changes to the basic simulator other than adding the full complement of
AIIM hardware and incorporating the full—up system operational software.

• 
- •  As an overview, this report identifies the functional areas, systems

- ~• and circuits of the simulator design which were completed under this contract.
The level of design addressed and completed by this program is in the area of the
electrical/electronic system and circuit designs. The simulator structure , equipment

• 1 
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- installation, and wire harness designs are to be evolved under a subsequent

Full Scale Simulator Development Program. The design data and documentation
developed under this contract will therefore form the starting base of the

- Simulator Development Program. The level of design and documentation completed
• under this program is summarized herein and examples of the data and drawings

are provided. The bulk documentation (data and drawings) will be delivered along
with the AAES Simulator System.
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2.0 SYSTEM DESIGN

Discussed in the following paragraphs are the design tasks performed
toward the development of the AAES TA—7 c Simulator. Tasks performed include :

o Development of modular design concept

• o Design of TA—ic systems, circuits and control panels using
AAES concepts

- 
o Establishment of PGS design requirements

o Development of system control and I/O interface requirements

o Establishment of avionic multiplex system scope and requirements

o Definition of AAES ADM hardware utilization and
* 

o Establishment of system implementation/checkout priorities

These and related tasks are discussed in the following paragraphs .

2.1 Modular Design Concept

The simulator design is based on allowing operation and checkout of
each circuit or subsystem on the TA—7C using a partial set of AAES ADM hardware
(approximately 50 percent of that required for a full up system). The design
was further evolved based on allowing growth to a full up system with minimal im-
pact to the simulator in terms of design, hardware , wiring and installation details.
Based on the ADM hardware available and the specific hardware required to implement
the TA—7C Simulator, four checkout groups were established. These functional
groups are characterized as weapon control ani release , fl ight control , navigation
and communication subsystems. Interspersed among these are the various airframe
utility subsystems.

Figures 1 and 2 reflect the basic approach used for accomplishing the
modular designS Figure 1 is illustrative of the modular concept in the area of
system input control and related interfaces. Figure 1—a illustrates the signal
source multiplexer interfaces and associated wire harnesses for a full—up simulator
implementation. This interface primarily involves the multiplex terminals, signal
sources, signal conditioning, system wiring harnesses, and special adapter cables.
Of this equipment, the multiplex terminals and solid state signal sources are being
developed (ADM equipment) in limited quantities for application on the simulator.
It is expected that the signal sources being developed will not initially be
available for installation on the simulator. Therefore, simulated signal sources
of the various types needed will be mechanized for the simulator using a “standard”
switch with resistors added to achieve the switched impedance function. To complete
the input signal categor~ a full complement of signal conditioning will be provided
for interfacing miscellaneous “black box” and “inaccessable” switch function types
to the SOSTEL Control Group. As a result, the only input related ADM hardware !ackin g
sufficient quantity for full simulator mechanization is the SCG multiplex terminals.
As shown in Figure 1—b , special adapter cables are therefore used to route signals
from equipment/circuits to the “available” multiplex terminal. An appropriate set
of adapter cables are thus used to select the required set of input signals for each

• of the four modular checkout groups. Since the multiplex terminal inputs change in
terms of signal source function and equation variable for the load to be controlled,
a unique set of software is used for each checkout group

.3
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Figure 2 is illustrative of the modular design as related
to the system output control and associated interfaces. Similar to the case
described for the multiplex terminals and signal sources, limited quantities of
demultiplex terminals and power controllers will be initially available for
application on the simulator. One notable difference is that it is not practical
to simulate the power controller. Therefore in addition to change out of the
“demux to controller”adapter harnesses and software, the power controllers must
be reinterfaced to different loads. The controllers are contained in Load
Management Centers which are configured as subassemblies for production line produci—
bility. Because of the connector subassembly interface, it is feasible to use
adapter cables for establishing the desired controller to load interfaces.

The load controller interface with SCG demultiplex terminals and with the airframe
harnessing (and hence airframe loads) is shown in Figure 2—a for the full—up
simulator. This figure depicts a typical Load Management Center (LMC) electrical
configuration to be used on the full—up simulator. The only difference between this
configuration and one which would be used on a production aircraft lies in the
demulti plex terminal/load controller interface, in a production configuration,
the demultiplex terminal size would be sufficiently smaller (due to MSI/LSI
terminal construction) to permi t the terminal to be installed within the LMC.
Installation within the LMC reduces the control harness length between the deniultiplex
terminals and the load controllers. -

Since the simulator initially will have less controllers and demultiplex
terminals than are required for the full—up configuration, adapter cables will be
added between (a) the load controllers and the demultiplex terminal, and (b) the
load controllers and the airframe harnessing (loads). Figure 2—b through 2—d
illustrates these adapter cables. The three figures also show the variation in
adapter cables end—to—end terminations. These variations permit limited
demultiplex channels to control the “available” load controller complement for
powering all simulator loads.

The variation in signal/power paths between checkout groups can be seen
by examining the interconnection paths from channel 60 of demultiplex terminal “A”.
In Figure 2—b (checkout Group 1) channel 60 signal routes through adapter cable 1—A
to the input of a 2 ampere, 28 VDC controller. Power is then switched by this
controller (designated U60) through adapter cable 2—A to the load associated
with airframe harness contact 60 of plug designated P “XYZ”. To transition from
checkout group 1 to group 2, adapter cables 1—A and 2—A are replaced by cables
1—B and 2—B respectively. This second interconnect configuration (shown in
Figure 2—c) permits demultiplex terminal channel 60 to be routed through adapter
cable 1—B to a 1/2 ampere, 115 VAC controller (designated 1J126). Power switched
by this controller is routed through adapter cable 2—B to the load associated
with P “XYZ” contact 126.

In a similar manner, transitioning from set B switching adapter cables
• to set C adapter cables reconfigures the LMC to the interface shown in Figure 2—d

for checkout group 3. In this group 3 arrangement, channel 60 again controls
the 28 VDC, 2 ampere controller designated L~O as occurred tn checkout group 1.In group 3, however, U60 controller switches dc power through the 2—c adapter
cable to a 28 VDC load associated with P “XYZ” contact 122.

In sunnary , the modular concept implementation shown for load controllers
facilitates sharing the limited output related ADM equipment. However , in addition
to load controllers, solid state output drivers are required to provide the full
set of SCG output signals. A full set of these output drivers are defined for
the simulator system to allow it to be easily expanded to a full—up system.
Of particular significance is that this modular checkout concept allows

10
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the simulator basic wiring to remain intact for the full—up case. Also in the
interim case, the systems/equipment operated in each of the four functional groups
are basically equivalent to those operational at any given time in a full—up
system. And lastly, the group assignments result in a maximum usage of the
available ADM equipment.

The ADM equipment usage versus that available is described in paragraph
2.4.4 as are the various special equipments (signal conditioners, simulated
signal sources and adapter harnesses) needed for the simulator.

2.2 TA—ic Subsystem Designs

A total of 121 TA—7C subsystems and circuits were designed using the AAES
technologies, hardware and control techniques. These subsystems are listed in Table 1.
Documentation was prepared for the designs using CAD (Computer Aided Design)
techniques. Figures 3 and 4 are representative of the designs evolved and
th e level of comp leteness and detail contained in the prepared documentation. These
representative designs are for the Liquid Oxygen Gauging and the Emergency Accumulator
Test systems. The documentation for each system will be expanded to include appropriate
harness and termination assignment upon their completion as a part of the Full
Simulator Development Program.

2.3 Power Generating System (PCs) Design Requirements

A number of related tasks were performed concerning the PGS. These
included preparing a PGS system definition and description, establishing a method
for supplementary loading of the ADM 45 KW generator with the simulator system,
establishing a preliminary grounding philosophy for the simulator, and defining
the A—i engine pad—generator mounting interface. These are discussed in the
subsequent paragraphs.

2.3.1 PGS Definition and Description

The power generation subsystem design for the AAES simulator is
based upon performance requirements defined in procurement specifications for
the generator (NADC—VT— TS—7502 dated 13 June 1975) and the power conditioner
units (NADC—VT- TS—7503 dated 8 July 1975). The primary electric power source for
the simulator consists of two 45 KW, 270 volt DC generators as defined by the NADC
procurement specification. The generators will not be an integral part of the
simulator but will be operated from a “generator drive stand” in the NADC AAES
Laboratory. Power feeders will route the power to the simulator. The point of
regulation will be located on the simulator as will all equipment except the
generators. A porti~n of the 270 VDC power will be used to power 270 VDC “du y”
loads located external to the simulator and a limited number of loads (the SCG and AMUX
WRAs) mounted in the simulator. The remainder of the power will be converted
to 28 volts DC by two 100 ampere converters and to 115/200 volt AC by two 10 KVA
inverters . The generation and conversion equipment will be connected to provide
primary buses as shown in Figure 5.

System operation is as follows : When one generator is brought up to
rated speed and the output voltage at the point of regulation (located on the
simulator) is at rated voltage (210 ± 5 VDC) , the HVDC bus controller (BC) and
the }IVDC bus tie controller (BTC) will automatically close. The generator now

11
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TABLE 1

TA—7C SUBSYSTEM/CIRCUIT DESICNS

TA—iC SUBSYSTEMS

*Al Shrike Improved Display System
0 ~~~ Armament Station Control— Jettison
0

0 
0 

*A3 Weapon Station 1 Stores Management
*A4 Weapon Station 2 Stores Management
*A5 Weapon Station 3 and 4 Stores Management
*A6 Arma~~nt Advisory—Forw ard Cockpit
*A7 M6l—Internal Gun System

0 A8 Armament Advisory—Af t Cockpit
A9 Nav/Wpn Del Cmptr-Release Control

Electric Fuzing Sys tem
5Ail Weapon Station 5 and 6 Stotes Mai~agement

~
Al2 Weapon Station 7 Stores Management
A13 Weapon Station 8 Stores Management

11 KB—18 Camera

Cl Speed Brake Control
C2 Wheels Flaps Warning
C) Approach Power Compensator
C4 Pitch and Roll Trim System
CS Automatic Flight Control System — Roll Channel
C6 APCS—Pitch Channel
C7 AFCS-Yaw Channel
C8 Variable Flaps Control
C9 Emergen cy Flaps Control

Dl Landing Gear Position Indication
D2 Hydraulic Pressure Indication and Warning
D3 Weight—on—gear and Deck Compression Sensing -

D4 Pitch and Roll Trim Indication
D5 Leading Edge Flaps Position Indication
D6 Trailing Edge Flaps Position Indication

• D7 Speed Brake Flaps Position Indication

El Pressure Ratio Indicat ion
E2 Engine Oil Pressure Indication and 1Iarning
E3 Fuel Quantity Ind ication and Warning
£5 Engine Fuel Control
£6 Engine Fuel Flowmeter Indication
El Fuel Filter Bypass Indic ation
£8 Turbine Inlet Temperatur e

Ti Doppler Radar
fl Pitot Heater/Engine Anti—Icing
13 Counting Accelerometer Sys tem
14 Standby Attitude Indication
PS INS Control
P6 Inertial Measurement Sat

14
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(Continued)

TA- 7C SUBSYSTEM/CIRCUIT DESIGNS

_ _ _ _
TA— ic SUBSYST ENS

Ti Inertial Measurement System
PB Angle of Attack
P9 Horizontal Situation Indicator
FlO Heading Mode
Fli Flight Mode Control — Fwd. Cockpit
F12 Fli ght Mode Cont rol — Aft Cockpit
F13 h ead Up Display
P14 Projected Map Display
FiS Nay /Weapon Delivery Computer
P16 Nay/Weapon Delivery Computer
F17 IIUD Monitor
P18 ARA—63 Appraoch Control System
P19 HUD & ADI Landinz Select Control
F20 Command Transfer Control
F21 Horizontal Situation Indicators

Gi Windfold Control
G2 Landing Gear Safety/Position Detent
G3 Arresting Gear Control
G4 Nose Gear Steering
CS Launch Bar Control
(‘,6 Anti—Skid Brakes
G7 Parabrake Control

Hi Temperature Control/Rain Repellant
112 Hydraulic Accumulator Heaters
113 Electronic Compartment Cooling

Ki Engine Crank and Ignite
K2 Engine Bleed

Li Flood Li ghting— Forward Cockptt
L2 Instrument Board Lighting—Forward Cockpit
L3 Console Lighting—Forward Cockpit

0 
L4 Exterior Lighting
L5 Warning and Advisory Lighting—Forward Cockpit
L6 Flood Lighting— Af t Cockpit
L7 Instrument Board Lighting—Aft Cockpit
L8 Console Lighting-Aft Cockpit
L9 Warning and Advisory Lighting—Aft Cockpit

Ml Seat Adjust
• M2 Emergency Accumulator Test

M3 Emergency Power Package Actuator
M4 Canopy Actuation Control and Warning

15
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TABLE 1

I (Continued)

I TA—7C SUBSYSTEH/CIRCUIT flESIGNS

~ t 
TA—7C SUB SYSTEMS

*p~~ Primary Power Generation, Conversion and Control
I *p~~ External Power Control
I 

*p~~ Primary 270 VDC Load Bus System
*p~~ Emergency 270 VDC Load Bus System

• *PC3 Primary 28 VDC Load Bus System
k *Pc4 Emergency 28 VDC Load Bus Sys tem

I Q1 In—Flight Refueling and Ground Fueling
0 

f Q2 Fuel Transfer and Dump
I Q3 Low Level Fuel Warning

-r *RDl UHP—ADF System (ABA—SO)
*RL1 Auxiliary Radio Receiver Set (ARR—60)
*RN1 TACAN Navigation System (ARN— 52)

RP1 ASW—2 5 Data Link (Display Control)
RP2 ASW—25 Data Link (Forward/Aft  Control)

*RIJ1 UHF Communication System (ARC—5 1A)
- 

*RZ1 Audio System
• *RZ 2 Weapon Release and Low Altitude Tone Generator

• • *SA1 Radar Height Indication System

— 
SN1 Altit ude Indicator 0

- SS1 Forward Looking Radar (Dig. Scan Cony .)
SS2 Forward Looking Radar (NWDC Interface)
SS3 Forward Looking Radar (Power Control)
SX1 1FF System (APX—72)
SX2 1FF Aft Control

TEl Interference Blanker Set
- TE2 ALR—S0 Radar Homing and Warning

TE3 ALR—45 Radar Homing and Warning
TM1 ALE—29 Chaff Dispenser

- 
TN1 True Airspeed Indicator

• TN2 Air Data Computer
TQ1 Radar Beacon (APN—154)

Ul-U3 AMUX System

F Wl Fire Detection System
W2 Liquid Oxygen Gauging and Warning

• £ W3 Rain Removal Overheat Warning

*XAl Emergency Power Generation, Conversion and Control
*x~~ Primary AC Load Bus System
*~~2 Emergency AC Load Bus System

* Systems Requiring Additional Circuit Definition and Design which are to be
completed on Full Simulation Development contract.

‘ ‘U
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supplies power to both 270 VDC buses. When the other generator is brought up to
rated speed and its output voltage is less than 5.0 volts above the main bus
voltage, its HVDC bus controller closes automatically and the two generators
now supply power to the simulator system loads. The two generators are now
operating in parallel which is the normal mode of operation for the system.
The main buses are regulated to 270 * 5 volts DC by each of the generator GCUs
which ensures the load on each generator is equally divided. Isolated mode of
operation is provided by manually commanding the HVDC BTC to open. In the event
a generator becomes inoperative (generator, GCU or drive failure) , the
failed generator will be automatically disconnected from the bus.

The bus controllers for the converter and inverter are automatically
closed (with manual override) when the output voltage characteristics of the

- - inverter and converter are within prescribed limits. The AC bus controller
closes when the two inverters are synchronized and voltage levels are within
prescribed limits to ensure equal load division. The normal mode of operation
for the two converters and inverters is parallel. Isolated mode of operation
is provided by manually commanding the 28 VDC BTC and 115/200 VAC BTC to open.
The converters and inverters contain overload and fault protection. MIL—STD- 704
power at the main buses is maintained by automatic opening of the respective bus
controller should MIL—STD—704 limits be exceeded.

It is noted that all control of power to the main buses is independent
of SOSTEL. Data, however, can be supplied to SOSTEL to effect the control of
loads (i.e., load management) by SOSTEL. Useful data includes generator tempera-
ture, converter temperature, inverter temperature, bus voltage (270 VDC, 28 VDC,
115/200 VAC), AC bus frequency and ripple content on DC buses. SOSTEL can be
programmed to remove loads when data indicates the removal of loads might avert
shutdown of the complete system.

2.3.1.1 Emergency System

An emergency power source as defined by SD—24K is not provided. The
emergency operation will be simulated by having one generator operate as the
primary source and the other generator serve as an emergency source. The non-
essential loads will be removed from the buses via SOSTEL control during the
simulated emer gency condition.

2.3.1.2 External Power

The Vought AAES Simulator Design is presently based on not including
“External Power” provisions . In the event that NADC wants “external power ”
provisions included on the simulator , this requirement should be established
prior to award of the simulator development contract. Design data and interface
requirements for the power monitor, external power receptacle and bus controller
hardware must be established by NADC to enable adequate design of the External

• Power interface on the simulator if required.

18
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2.3.1.3 Bus Controller

• The bus controller function can be implemented with either an electro-
mechanical, solid state or hybrid (electromechanical and solid state) device. The
DC bus controller can be either a directional or a bi—directional device. If it is
a directional device, it must have reverse voltage blocking capability. The
controller must be capable of conducting and switching the maximum power source
output current without affecting the normal operation of the power source protective
circuitry. That is, the bus controller must not impede the flow of current.
The minimum current level is 150 percent of generator rating for the inverter and
converter bus controllers (specification NADC—VT—TS—7503 dated 8 July 1975). The
HVDC bus controller must also have a minimum blocking voltage rating of 500 VDC.
The Hartman contactor , part no. A—751RG, meets the HVDC bus controller requirements

• for the laboratory environment. Vought will establish the installation and
connection requirements for the converter and inverter bus controller based on
the Hartman contactor unless notified to the contrary by NADC prior to award of
the Simulator Development Contract.

2.3.1.4 Bus Tie Controller

The bus tie function can be implemented with an electromechanical ,
solid state or a hybrid device. The DC devices must be capable of conducting
and switching bi—directional current. Bus tie controllers must be compatib le
with the opening characteristics of feeder protectors (fuses or circuit breakers),
that is, it must not impede the flow of current to the extent that the protector
will not open. The Hartman bus tie controller, part no. A—751RG, meets the
HVDC bus tie requirements for the laboratory environment. The AAES simulator
designs, installation and electrical interface will be based on this device
unless Vought is advised to the contrary prior to award of the Simulator
Development Contract.

2.3.1.5 Protective Circuitry and System Coordination

To provide compatibility with the power source (generator, converter,
inverter) equipment, it is necessary that the feeder protector opening characteristics
(fuse or circuit breaker) not cause interference with the normal operation of the
power source protective circuitry i.e., the feeder protector device must open before

0 
the power source trips off the bus. System design requires the capability of supply-
ing full system load from either generator. Therefore, the HVDC bus tie feeder
and associated feeder protectors must be rated for 100% generator capacity. This
creates a problem because the trip characteristics of available feeder protectors
(high voltage fuses) can allow the generator to trip before the feeder protector
opens, i.e., clears the fault. This results in the generator protecting the feeder
in some load conditions rather than the fuse providing the feeder protection.

19
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Additionally , available feeder protectors that are needed for
protecting feeders to some of the LMCs are not compatible with the converter and/or
inverter protective circuitry . That is, the UtC feeder protector (fuse or circuit
breaker) can allow the converter and/or inverter to trip before the feeder
protector opens . These problems are primarily due to the tight trip limi ts
established for the generator , converter and inverter. This is not a serious
problem for the simulator since feeder faults  will  be an unlikely occurrence due
to the simulator environment. Should a feeder fault  occur , the wors t thing
that could happen would be a nuisance power source (generator, converter or
inverter) trip. Vought will  therefore select feeder protectors based upon
feeder current ratings . Possible solutions exist for actual aircraft
applications which include changing the power source trip limits , or paralleling
feeders to allow use of current protectors that have lower trip ratings.

The generator , power converter , feeder protector coordination
conditions as they exist for the AAES TA— 7C Simulator are highlighted in
Figures 6 through 10. Fi gure 6 identif ies the trip coordination for the generator
270 VDC protection and the PCU feeder protector.  This shows that the generator
will trip off—line rather than the fuse opening to isolate PCU feeder faults for
overload conditions in excess of 120 percent of generator rating, i.e., 200
amperes. Also shown is the compatibility between the generato r w ith respect to
the TA—7C composite overload as imposed by an overloaded PCU . Figure 7 indicates
the Incompatibility between the PCU trip protection and the wors t case LMC
feede r circuit breaker. In this case the PCU will tr ip rather than the circuit
breaker for 28 VDC overloads exceeding 150 amperes. Also the PCU will not carry
the full  simulator composite load under a feeder fault  condition. The PCU will,
however, marginally carry the fu l l  simulator 28 VDC composite load under normal
conditions . Figures 8, 9 and 10 indicate the coordination conditions for 115
VAC for cases of using MIL—C—58 0 9 circuit breakers , MIL— F—5372 fuses and UIL— F— 15l60
fuses ,respectively . Proper coordination is obtained using the circuit breaker
and the 5372 fuse. The 15160 fuse is not compatible with the PCU trip protection
limits .

2.3.1.6 PGS Installation

The bus controllers , inverter , converter and feeder protectors will
be installed in close proximity to each other and physically protected to f orm
a “power management center ” as shown in Figure 5. This will negate the need for
feeder protectors between the HVD C bus and the inverter/converter. Detailed installa-
tion data/design will be generated as part of the Full Simulator Development contract.

2.3.1.7 PGS Equipment Responsibility

The power generation and bus network equipment requirements for the
AAES simulator are summarized in Table 2. Identified are equi pment types ,
quantities , and procurement responsibility as presently understood by Vought.

2.3.2 PGS Supplementary Loading

The HVDC generator and power converter/inverter equipment procured
for the simulator requires supplementary loading in order to provide equipment
evaluation at full capacity. This is required because limited ADM equipment is
being initially procured and the TA—iC electrical load is less than the ADM
generator 45 KW rating.

20 
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TABLE 2.

POWER GENERATION SUBSYSTEM AND
BUS NETWO RJ EQUIPMENT REQUIREMENTS

ITEM NOMENCLATURE PART NO. QTY FURNISHED BY

1. 45KW, 27OVDC Generator Sys NADC—VT—TS—7 502 2 NADC
2 lOOA , 28VDC Pwr Conditioner NADC—VT—TS—7 503 2 NADC
3 200A, 27OVDC Bus Controller A—751RG or Equiv 2 NADC
4 200A, 27OVDC Bus Tie Controller A—751RG or Equiv 1 NADC
5 b O A , 27OVDC Load Controller A—754R or Equiv 8 NADC
6 HVDC Feeder Fuse Type F64—C—500 24 Vought
7 lOOA , 28VDC Bus Controller MS24141—Dl or 2 NADC

Equlv
8 50A , 115/200 VAC Bus Controller MS24168—Dl or 2 NADC

Equiv
9 lOOA , 28VDC Bus Tie Contr MS24141—Dl or 1 NADC

Equiv
10 50A, l15/200VAC Bus Tie Contr MS24168—Dl or 1 NADC

Equiv
11 28VDC Feeder Fuse MS28937—XXXX 2 Vought
12 28VDC Feeder Circuit Bkrs MS24571-.XXXX - 14 Vought
13 115/200 VAC Feeder Circuit Bkrs MS14153—XXXX 16 Vought
14 Cockpit Controls & Displays TBD — Vought
15 1OKVA, 1l5/200VAC Pwr Cond. NADC—VT—TS— 2 NADC

7503
16 Diodes, Reverse Current Protection TBD 2 Vought

External Power Provisions if Required

17 External Power Receptacle TBD 1 NADC
18 External Power Monitor TBD 1 NADC
19 200A, 27OVDC Bus Controller A—751R0, or 1 NADC

Equiv
20 Diode, Reverse Current Protection TBD 1 Vought
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The discussion which follows describes a recommended design for
artifically loading the AAES simulator power system.

2.3.2.1 Supplementary Loading Design

Design provisions for artificial (or dummy) loads are provided on the
simulator to allow the power system capacity to be fully exercised. These loads

are connected to the main power buses (270 VDC, 28 VDC and 115/200 VAC) through
electromechanical contactors. The contactors are controlled by the SCG terminal
located in the aft equipment shelf LMC.

Figure 11 provides a block diagram overview of the dummy load
circuitry. Figures 12 through 14 depict the load interconnection at each main
bus and identify the recommended hardware and load current requirements. The
figures also show the division between simulator installed hardware and provisions
versus external simulator hardware.

As shown in the figures, the contactors are controlled by the SCG
via relay drivers. Ideally, this relay driver function would be provided by ADM
load controllers. However, due to the limited initial load controller quantities
being procured for the simulator , the contactors may be energized by solid
state custom designed relay drivers controlled by an SCG terminal. The estimated
load requirements for these drivers are:

3.5 amperes at 28 VDC for 500 milliseconds
0.4 amperes at 28 VDC continuously

Provisions are included in the design to allow connection of the &mmy loads to
the main power buses via SCG control. The dummy load control via the SCG will
be derived by:

o The state of various signal sources installed in the General
Purpose Signal Source Panel located on the aft equipment shelf

o The operational mode of SCG Load Management system software
routine.

This method of control permits dummy loading of the power system by manual (signal
source panel) or automatic (load management) operations . The Boobean logic for
this control will be integrated into the power distribution software of the SCG
Processors to be delivered by Vou ght with the simulator.

As shown in Figures 12 through 14 , a total dummy load requirement of
135 to 270 kilowatts is required to adequately evaluate the simulator power
sys tem. Since the required mounting space for the dummy loads is somewhat excessive ,
mounting of dummy loads external to the simulator is recommended. In addition , to
keep the simulator relatively “clean” of power system “test” hardware, the power
contactors and wire harnessing associated with dummy load control should also be
located in mounting racks located external to the simulator. Figure 15 schematically
depicts this external rack configuration. It is anticipated that existing generator
load banks at NADC can be used for the dummy loads to reduce hardware costs .

Interconnection points are provided on the simulator for interfacing
the load rack (Figurel5) to the main power buses and to the appropriate SCG
deiivltiplex terminal channels. The power bus terminations (identified as Point A
in Figures 12 through l4)are downstream of the feeder protectors but within the
associated Main Power Center to maintain physical protection of the power bus.
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The termination location reduces personnel hazards by eliminating exposed “hot ”
points on the simulator . The SCG demult i p lex terminal channel inter face is
provided by a connector break at the simulator a f t  equipment shelves (Point B of
r’igures 12 through 14). A jumper plug will be provided with the simulator to
maintain proper terminal channel loading (for  SCG BIT) on these channels when
the external dummy loading racks are not connected.

2 .3 .2 .2  Hardware Requirements and Considerations

Ha rdware requirements and considerations for  implementing and demonstra-
ting the PGS supplemen tary loadin g involve the HVDC power contactors rated at 100
amperes , relay drivers for contactor control , and load banks h aving the required
wattage ratings . These are discussed in the subsequent paragraphs.

1. HVDC Power Contactors

Due to the apparent lack of hybrid or solid state HVDC bus controller
availability, large electromechanical contactors will  likely be required for
switching power to HVDC dummy loads . An “of f—the—she l f”  con tactor has been
identif ied f or use as the ma in HVDC bus controller. This contactor , rated at
400 amperes at 270 VDC , requires considerable mounting space (at least 144 cubic
inches per contactor) for the eight HVDC dummy load contactors required for the
simulator implementation . A preferred approach is to use a contactor rated
closer to the 75 ampere requirement. The manufacturer (Hartman) providing the
400 ampere contactor is presently investigating the adequacy and availability of
an A—754—R series contactor for this application , i.e., a rating of 100 amperes
at 270 VDC for the laboratory environment application. The coil voltage would
remain at 28 VDC as currently used in the present A—754 contactor design.

2. Relay t~river
A device which provides the relay driver function is required. This

device is certainly within the state—of—the—art , but requires design and fabrica-
tion. As previously stated , estimated driver load requirements are to switch 3.5
amperes at 28 VDC for 500 milliseconds and 0.4 amperes at 28 VDC continuous. The
input control circuitry of the driver must be compatible with SCG terminal inter-
face

3. Load Bank

Figure 15 depicts the approximate load requirements needed for the
supplementary loading 0f the PGS. Variable loads are desirable but not mandatory.

Load power factors should be comparable to those used for testing the ADM
generator and converter/inverter equipment. Use of existing NADC load banks is
recommended to the extent of their availability and adequacy.

2.3.3 Simulator Grounding Requirements

Grounding philosophy to be employed on the AAES Simulator should H

include provisions for personnel safety and proper operation of equipment.
To provide optimum safety to personnel, the simulator structure should be
connected to earth ground or to some conducting body which serves in place of
the earth. It is expected commercial Power (110/220 VAC, 60 Hz) operated
equipment such as drills, lamps, power supplies , etc., will be used in the
vicinity and on the simulator. A faulty equipment could result in the simulator
being at commercial power potential if the simulator is not connected to earth.
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All equipment enclosures should be electrically connected to the
simulator structure. This is to preclude the housing being at some high potential
due to an internal power—to—case fault. All equipment circuit grounds should
be connected to the simulator structure. Equipment circuit grounds having
isolated (different) power supplies should use separate ground termina.s. For
example, the 28 VDC ground and 115/200 VAC ground should not share the same
ground terminal. Single point grounds should be used in applications where

equipment operation is sensitive to El-Il. Grounds isolated from the structure
is permissible (from a personnel safety view point) in systems operating at not
more than 30 volts (AC or DC) between conductors.

The use of a “shock hazard detection system” needs to be investigated.
A shock hazard monitor would automatically disconnect the power source from the
simulator in the event that the simulator structure is above ground potential .

It is recommended that the PGS (270 VDC) power ground not be tied
to the earth ground at the generator but at the earth ground point on the
simulator. It is further recommended that the simulator structure not be
used as the ground return for signal and HVDC power circuits. Instrumentation
equipment should use a floating ground that is tied to the simulator common
earth ground point with a sufficiently large conductor to minimize instrumenta-
tion error (based on instrumentation impedance circuit) . The instrumentation
equipment enclosure(s) should be tied to earth ground for safety. The gzounding
concept and requirements are schematically depicted in Figure 16.

2.3.4 A—7 Engine Pad Requirements

An assessment was made concerning the mounting drive requirements
for the HVDC generator for application on the A—7 . Interface and performance
requirements were established for TA—7C (TF3O—P—408 Engine) and the A—7E (TF41—
A—2 Engine). These requirements are contained in Appendix A. Additionally ,
data was obtained on a gear box which has the potential for being used for
interfacing the HVDC generator to the A—7 pad. The candidate gear box will
provide the approximate required speed range; however, availability and torque
requirements were not fully established. The gear box was used in conjunction
with the 20 KVA VSCF Generator , General Electric Model No. 2CM38 and is illustrated
in Figure 17. Availability and full compliance to AAES TA—7C system requirements
should be established upon solidifying of the Flight Test Program Plans.

2.4 System Control and I/O Interface Requirements

The control logic in the form of Boolean combinational and sequential
equations was prepared in conjunction with design of the AAES TA—7C subsysteme
and circuits. The formats and form in which these control equations were prepared
are discussed in the subsequent paragraphs. Examples of methods for implementing
and solving these equations using a one—bit processor and a more general purpose
type processor are also provided. In addition , techniques were established for
accomplishing the signal source function in the absence of a full  complement
of ADM solid state devices. Simulated signal sources, signal adapters and general 4

purpose signal source paneis,and airframe signal sources are defined for these
purposes. Special purpose power output switches and lamp driver circuits are
used for achieving the required interface between the demultiplexer and various
aircraft “low power” loads. These devices and applications are described in the
following paragraphs.
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The control requirements were developed for each of the TA— 7C sub—
systems designed for the AAES Simulator. This design information was

prepared on keypunch coding forms. Table 3 contains typical Boolean equations

which are used for control of the AAES TA—7C Simulator subsystems and circuits.
Shown , in the table are the form of the equations as currently written and the

format to which they will be modified on the Full Simulator Development Contract.

The change in format is required for achieving compatibility with the SCG hardware

currently under development by the Garrett Corporation . Upon being updated to

the required forma t and checked for completeness/correctness, the equations
will be key—punched for listing. Both the listings and punched cards will be
delivered on the Full Simulator Development contract. The basic control
equations will also be shown on the wiring diagram drawings which are
described in paragraph 2.2.

In addition to the basic system control equations SCG modifier
equations were prepared for providing the load management control capability.
These are also written on key_punch coding forms. These, like the basic Boolean
control equations, will be revised to the Powertran format required by the SCG
ADM hardware and key—punched. Listings will be prepared and the punched cards
delivered under the Full Simulator Development contract.

Since four different (nonsimultaneous) checkout groups will be used
to verify operation of all simulator subsystems , four separate sets of software
are used for the SCG processor. In addition , one processor software set is used
for the full—up simulator configuration. In that the basic Boolean equation for
any specific load does not change between checkout groups (or full—up configuration),
the difference between the five software sets is:

a) the correlation between SCG terminal channels and input/output
variable names, and

b) activation or use of the applicable Boolean equations of the
full complement.

The software “interface” data to be delivered with the simulator basically
consists of the Boolean equations, equation modifiers, terminal bus address assign—
nients and terminal channel assignments. This data will allow compilation of the
operational software for the SCG processors using the PCWERTRAN programming language.
The control data to be delivered with the simulator will also define:

a) the applicable checkout groups for each Boolean equation and
equation modifier ,

b) the variable name assigned to each terminal channel for each of
the four checkout groups; and

c) the terminal bus address assignment for each checkout group.

It is noted that definition of terminal bus addresses and channel assignments for
the full—up configuration cannot be completed until the final configuration and
procured quantities of the SCG hardware are defined. Specifically, the SCC
configuration variations yet to be fully established are the universal terminal
concept versus the present dedicated multiplex or demultiplex terminal concept and
subsequently the mix of dedicated multiplex, demultiplex, and multiplex/demultiplex
terminals versus universal terminals.
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As a means for more specifically establishing the computational
capability and memory requirements needed by the SCG Processor for solving
combinational/sequential logic control equations an analysis was conducted.
The Z80 instruction set and the ICU one bit processor instruction set were
compared for two different approaches for solving a typical sequential logic
problem. These two approaches are: (1) a flow chart implementation and (2)
a Boolean next state equation implementation.. The flow chart method proved
to be the most efficient approach for solving the sequential logic problem for
both processor instruction set Implementations as is illustrated in Table 4.

TABLE 4

SUMIIARY OF MEMORY REQUIREMENTS AND EXECUTION
TIMES FOR SEQUENTIAL EQUATION SOLUTION

FLOW CHART METHOD BOOLEAN EQUATION METHOD

MEMORY EXECUTION MEMORY EXECUTION
(BITS) TIME (BITS ) TIME

_________ ____________ 
u s  

________________ 
us

Z80 496 34—70  1280 112—150

ICU 360 20 450 25

The memory requirements are given in terms of total bits since the
word length is not the same for the Z80 and ICU. The Z80 memory is organized
as an 8 bit byte , however , the ICU would he organized as an 18 bit word.

The 1CU one bit processor proved to be much more efficient in terms
of memory required and execution time; 20 microseconds execution time compared
to 34 to 70 microseconds for the Z80, and 360 bits compared to 496 bits for the
Z80 memory. There was even greater improvement in the lCD over the Z80 for the
Boolean equation approach; 25 microseconds compared to 112 to 150 microseconds
for the Z80, and 450 bits compared to 1280 bits of memory for the Z80.

It is noted that the Boolean equation approach requires six
temporary scratch pad locations for implementation of software flip—flops and
partial results. Only one temporary memory location was used in the flow
diagram approach.

If a microprocessor is used for equation solutions, it is recommended
that a one bit processor be used or an optimized Boolean solution instruction
set be micro coded in a general processor for solving Boolean equations whether
combinational or sequential.
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In solving sequential Boolean equations, the flow chart approach
proved to be more efficient than the Boolean logic method (20 words and 20
microseconds versus 25 words and 25 microseconds, respectively). This approach
although more efficient , differs from the current equation solution approach
where the computer compiler program takes the control equations and automatically
generates the equation solution instructions. If the flow diagram approach is
used, the flow diagram mus t be made for each sequential function and the program
coded based on the flow diagram. A new compiler program could be written to
do the compiling of the sequential equation functions based on the flow diagram
algorithms, however, because of the limited number of sequential equations, the
cost of this compiler would be difficult to justify. Standard combinational
logic equations are generally solved as simply using the Boolean equation flow
approach as compared to the flow chart method . —

Sequential equations are basically ones that depend on memory elements.
The memory elements can be provided by the scratch pad memory. Since the SCG
specification requires a capability for 20 percent of the equations to be
sequential with or without time delays , and one memory element ‘per equation is
assumed, then the processor requires about 200 locations in the scratch pad
memory for the sequential circuits. When the requirement for time delays,
partial solution to combinational logic, etc. , are added , the processor scratch
pad memory requirement is about 500 bits.

2.4.1.1 Sequential Circuit Implementation Example

The Automatic Carrier Landing System (ACLS) in the two—place TA—7C
is controlled by either the Forward or Mt control panels. A push button switch
is provided in both cockpits for alternately selecting either the Forward or Aft
control panel for control of the Automatic Carrier Landing System. Each
push button switch may be used to select or de—select control of the ACLS.
Control is always given to either the Forward or Aft control panels. The push
button switch is used to toggle this control from forward to aft or vise versa.
Transfer of control Is not allowed until the command — transfer pushbutton switch
is released after having been activated.

The input and output variables for the sequential logic problem
are defined below.

FWSFAC — Forward ACLS Command Transfer Switch
1~WSAAC — Mt ACLS Command Transfer Switch
YACSEL — ACLS Control — Cockpit Select Transfer Command
The flow chart for the sequential circuit is shown in Table 5.

Note that dummy variables FLG1 and FLG2 are used for implementing the sequential
function. FLG1 is used to remember that FWSFAC has been activated. The transfer
of control is initiated only after FWSFAC is deactivated provided that FLG1 was
previously set by having activated FWSFAC. FLG2 serves the same purpose as FLG1
for the FWSAAC AFT ACLS command t ransfer  switch .

Programming of this flow diagram for the ~0 microcomputer is shown

- • in Table Sa, and for the 1—bit lCD processor in Table 5b.

The programming with the Z80 instruction set makes use of the bit
set, reset and bit test instructions for an eight bit byte while the lCD
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instruction set addresses each bit directly. Note that the ICU has a unique
output enable (OEN) instruction which disables output store commands if the
output enable variable is false. This enables the lCD to efficiently implement
flow diagrams without branch on condition instructions.

The Boolean equation approach for the sequential circuit design is
shown in Table 6. The equations , when implemented with software , perform the
same seq ential logic function as the flow diagram described previously.

- - Dummy variables FLG1, FLG2, Si, S2, and Ri, R2 are used to control
the sequential operation. The FLG1 and FLG2 equations are RS flip—flops which
remember that the command transfer switches (FWSFAC and FWSAAC) have been
activated. Equations Si and S2 are partial solutions used in the toggle flip—
flop equation YACSEL. Variables Ri and R2 are used to reset the FLG1 and FLG2
RS flip—flops after the command transfer switches have been released and control
transfer has been completed.

I ?
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TABLE 5

FL~M GRART SOLUTION
FOB. SEQUENTIAL CIRCUIT

START

FS~SFAC -~~ NO FLG TS 1 FLG = 1

YES

SET ~~~l = 1 

~ 
~~G iJ

CALL COMPL
- V

NSW 
—

<~~~~~~~= !
N0 (FLG 

~~ 

__

• 

- 

SET FLG 2 = CLEAR FLG 2

-~ ~~

. 
- 

[CALL COMPL J-

- T i •
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- TABLE 5
(Continued)

FL(M CHART SOLUTION
FOR SEQUENTIAL CIRCUIT

CO~~ L

A C S E L = 1  
NO -

YES

SET YACSEL = SET YACSEL = 3.

RE’1~JR1~

t 1- -

- 43
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TAB LE 5a
FL~~ ~RART SOLUTION USING

280 INS TRUCTION SET

JLBIT_ADDR- T
I 7 I BYTE j O  I BYTES/STATES

START LD A , (STATUS ) ; Get status byte 3/13
LD ML , DABYTI ; Get SW1 Byte Address 3/16
BIT FWSFAC, (ML) ; Is P..ISFAC on? 2/12
JR Z , FLGTS1 ; Jump if no 2/7 - -

SET FLG1, A ; Set FLG1 in status byte 2/8
JR NSW ; Jump to next switch 2/12

FLGTS1 BIT FLG1, A ; FLG1 Bit Set? 2/8
JR Z, NS~4 ; Jump if no 2/ 7

(28 Total Instructions RES, FLG1, A ; Clear FLG1 2/8
for Sequential Circuit) CALL COMPL ; Complement control bit 3/17

NSW LD ML , DABYTZ ; Get SW2 byte address 3/16
BIT FWSAAC , (ML) ; Is FWSAAC on? 2/12
JR Z , FLGTS2 ; Jump if no 2/7
SET FLG2, A ; Set FLG2 in status word 2/8

SAVE: LD (STATUS) ,  A ; Save status word 3/13
JR START ; Repeat 2/12

FLGTS2 BIT FLG2, A ; FLG2 bit set? 2/8
JR Z, SAVE ; Jump if no 2/7
RES FLG2 , A ; Clear FLC 2/8
CALL COMPL ; Complemert Bit control 3/17
JR SAVE ; Return 2/12

COMPL LD HL , OUTBYT 1 ; Get conti bit byte address 3/16
BIT YACSEL, (ML) ; Is bit set? 2/12
JR Z SET ; Jump if no 2/7
RES YACSEL , (ML) ; Clear contl bit 2/8
RET 1/10

SET SET YACSEL , (ML) ; Set contl bit 2/15
RET 1/10

STATUE PEFB 1 ; Flag byte location 1/0
DABYT1 EQU ADDSW1 ; Address of byte containing SW1
WSFAC EQU BITSW1 ; Bit containing }WSFAC
FLG1 EQU 0 ; Bit 0 equal FLC1
FLG2 EQU 1 ; Bit 1 equal FLG2
DA3YT2 EQU ADDSW2 ; Address of byte containing SW2
FWSAAC EQU BITSW2 ; Bit containing WSAAC
OUTBYT1 EQU ADDCTL ; Address of byte containing YACSEL

- - YACSEL EQU BITCTL ; Bit containing YACSEL Function
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TABLE Sa
- - (Continued)

FL(M CHART SOLUTION USING
Z80 INSTRUCTION SET

Aasumptlone made for this program :

1. Input variables FWS FAC and FWSAAC are bits located in ITRAN, but not in

same byte.

2. Output function YACSEL is a bit in the ORAN .

3. FLG1 and FLG2 bits are located in the same status byte in temporary RAN .

4. T State = 1 clock cycle 0.25 i.asec

TOTAL MEMORY 62 BYTES

Longest exec time = (281 x 0.25) 70.25 u s

Shortest exec time = (136 x 0.25) 34 us
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TABLE 5b

FLOW CHART SOLUTION USING
lCD ONE BIT PROCESSOR INSTRUCTION SET

START Lb FWSFAC ; Load WSFAC

STOC TE!IP ; Save 1WSFAC

OEN RR ; Enable output iF RR

STO FLG1

LD TEMP ; Load FWSFAC

AND FLG1 ; And FLG1

OEN RR ; Enable output if RR

STOC FLG1

LD YACSEL ; Load YACSEL

STOC YACSEL ; Complement YACSEL

LI) ?.4SAAC ; Load FWSAAC

STOC TEMP ; Save FWSAAC

OEN RR ; Enable output if RR

STO FLG2

LI) TEMP ; Load FWSAAC

AND FLG2 ; And FLG2

OEN RR ; En able output if RR

STOC FLAG2

LI) YACSEL ; Load YACSEL

STOC YACSEL ; Complement YACSEL

JMP START

Total Memory 20 Words
Execution Time — 20 ~s

18 bit words for
16K bit address field and
4 bit OPT code
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TAB LE 6

BOOLEAN EQUATION SOLUTI ON FOR SEQUENTIAL CIRCUIT

FLG1 FWS FAC + Ri * FLG1

FLC2 F’.JSAAC + R2 * FLG2

Si - FLG1 * FWSFAC

S2 — FLG2 * PWSAAC -

YACSEL = (Si + S2) * YACSEL + (S1 + S2) * YACSEL

Ri FWSFAC

R2 = ~‘.4SAAC
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TAB LE. 6a
BOOLEAN EQUATION SOLUTION USING

Z80 INSTRUCTION SET
S

T
BYTES/STATES

START LI) A , (STATUS ) ; Get status 3/13
Lb ML , DATBYT1 ; Get byte addr. 3/16
BIT FWSFAC, (HL) ; Is FWSFAC on? 2/ 12
JR Z, NXT1 ; Jump if no 2/7

SET1 SET FLG1, A ; Set FLG1 2/8
OUT1 LD (STATUS) , A ; Save status 3/13(a)

FLG1 JR FLG2EQ ; Solve next equation 2/12
NXT1 BIT RI, A ; Is Ri set? 2/8

(14 instructions) JR NZ , ZRO1 ; Jump if yes- 2/7
BIT FLG1, A ; Is FLG1 set? 2/8EXEC TIME JR Z, ZRO1 ; Jump if no 2/7
JR SET1 ; Set FLG1 2/12 

-

20.25 — ZRO1 RES FLG1, A ; Clear FLG1 2/8
27.7 ps JR OUT] ; Save status and return 2/12

I FLG2EQ U) HL , DATBYT2 ; Get byte addr. 3/16
BIT FWSAAC , (ML) ; Is FWSAAC set? 2/12
JR. Z, NXT2 ; Jump if no 2/7

SET2 SET FLG2 , A ; Set FLG2 2/8
OUT 2 LD (STATUS) , A ; Save status 3/13

FLG2 JR S2EQ ; Solve next equation 2/12
(13 instructions) I NXT2 BIT R2, A ; Test R2 2/8

JR NZ , ZRO2 ; Jump if not zero 2/12
EXEC TIME BIT FIG2 , A ; Test FLG2 2/8

= JR Z, ZR02 ; Jump if zero 2/7
17 — JR SET 2 , ; Set FLG2 2/12
28.75 ps I ZRO2 RES FLG2, A ; Clear FLG2 2/ 8

JR OUT2 ; Save and return 2/12

I S2EQ BIT FLG2 , A ; Test FLG2 2/8S2 I JR Z, ZRO 3 ; Jump if zero 2/7(9 instructions) i BIT FWSAAC, (IlL) ; Test FWSAAC 2/12
EXE C TIME JR NZ , ZRO3 ; Jump if not zero 2/7

SET S2, A ; Set S2 2/ 8
15 — OUT3 LD (STATUS) , A ; Save status and 3/13
16.75 us i JR S1EQ ; Next Equation 2/12

ZRO 3 RES S2 , A ; Zero answer 2/8
JR OUT 3 ; 2/12

I S1EQ BIT FLG1, A ; Test FLG1 2/8
si. I JR Z, ZRO4 ; Jump if zero 2/7

(10 instructions) f LI) ML, DATBYT1 ; Get Byte address 3/16
BIT FWSPAC, (ML) ; Is PVISFAC on? 2/12

EXEC TIME JR NZ , ZRO4 ; Jump if on 2/7
— I SET Si, A ; One answer 2/8

15 — I OUT4 Lb (STATUS), A ; Save status 3/13
23.75 M8 I JR YACEQ ; Next equation 2/12I ZRO4 RES Si, A ; Zero answer 2/9

JR OUT4 ; 2/12
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TABLE 6a
(Continued)

BOOLEAN EQUATION SOLUTION USING
Z80 INSTRUCTION SET

T
BYTES /STATES

YACEQ LD ML , OUTBYT 1 ; Get byte address 3/16
BIT YACSEL, (ML) ; Is YACSEL set? 2/12

YACSEL JR Z, NXT3 ; Jump if no 2/7
(14 instructions) BIT Si, A ; Test Si 2/8

JR NZ , NXT3 ; Jump if not zero 2/7
EXEC TIME BIT S2, A ; Is S2 set? 2/8

= JR NZ , NXT3 ; Jump if yes 2/7
21.25 — OUTS SET YACSEL, (HL) ; Set ORJ.M Bit 2/8
27.5 us JR EQR1 ; Next equation 2/ 12

NXT 3 BIT Si , A ; Is 51 set? 2/8
JR NZ , OUT5 ; Jump if yes 2/7
BIT S2 , A ; Is S2 set? 2/8
JR NZ , OUTS ; Jump if yes 2/7
RES YACSEL, (ML) ; Clear ORAN Bit 2/15

R EQR 1 U) ML , DATBYT1 ; Get byte address 3/16
BIT FWSFAC, (IlL) ; Test FWSFAC 2/8(6 instructIons) JR NZ , ZRO5 ; Jump if not zero 2/7
SET Ri , A ; Set Ri - 2/8

12 75 JR EQ R2 ; Next equation 2/12
9.75 

U5 ZROS RES Ri , A ; Clear Ri 2/8

EQR2 LD ML , DATBYT2 ; Get byte address 3/16
BIT ~WSAAC , (ML) ; Test FWS AAC 2/12
JR NZ, ZRO6 ; Jump if set 2/7
SET R2 , A ; Set R2 2/8
JP START ; Repeat 3/10

ZRO6 RES R2, A ; Clear R2 2/8
JP START ; Repeat 3/10

STATUS DEFB 0 ; Status location 1/0
DATBYT1 EQU ADDSW1 ; Address of byte containing SW1
FWSFAC EQU BITSW1 ; Bit containing PWSFAC
FLG1 EQU 1 ; Bit i
FLG2 EQU 2 ; Bit 2
Si EQU 3
S2 EQU 4
Ri EQU 5
R2 EQU 6
YAC1 EL EQU BITCTL ; Bit in ORAN for conti func.
OUTBYT1 EQU ADDCTL ; Address of byte containing YACSEL
PATBYT2 ~~U ADDSW2

TOTAL BYTES — 160 BYTES
Longest Exec time 150.45 us
Shortest Exec time — 111.5 ps
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BOOLEAN EQUATION SOLUTION USING
MOTOROLA ICU ONE—BIT PROCESSOR

PLG1 START LDC Ri ; Load Complement B.]
4 instructions AND FtC] ; and FLG1
ET 4 i-is OR FWSFAC ; Or ?#ISFAC

STO FLG1 ; Store in FLG1

LDC R2 ; Load complement R2FLG2 AND FLG2 ; And with FLG24 instructions OR FWSAAC ; Or with FWSAACET— 4 us STO FLG2 ; Store in FLG2

Si LX FWSFAC : Load Complement ~.4SFAC
3 instructions AND FLG1 ; And with FLG1
ET — 3 us STO 51 ; Store in Si

S2 LDC FWSAAC ; Load complement FWSAAC
31 instructions AND FLG2 ; And with FLG2
ET — 3 us STO S2 ; Store in S2

LD S1 ; Load SiYACSEL OR S2 ; Or with S26 Instructions STO TEM ; Store in temET — 6 us LD YACSEL ; Load YACSEL
XNOR TEM ; Exclusive or with YACSEL
STO YACSEL ; Store in YACSEL

Ri
LDC FWSFAC ; Load complement FWSFAC2 instructions STO R1 ; Store in RiE T — 2  its

R2 LDC FWSAAC ; Load complement 1~WSAAC
3 instructions STO Ri ; Store in Ri
ET — 3 us JNP START ; Repeat

TOTAL MEMORY = 25 WORDS

EXECUTION TIME 25 us
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2.4.2 Signal Source Implementation Methods

A wide variety of signal source types and installation designs are used
in the TA—7C. As identified in Table 7, several design alternatives exist for the
AAES signal source implementation. These include replacement of the conventional
switch function with a solid state signal source, adding resistors to the existing
contact type switch to provide the signal source function , and using external
signal conditioning. The advantages and disadvantages of each design approach
are listed in Table 7. The use of solid state transducers are preferred. However,
due to the limited quantities of signal sources and also because of retrofit
difficulty in some eq uipments , either the simulated signal source or external
conditioning approaches are used. Retrofit difficulty is typically a result of
unique switch physical configuration or inaccessibility of the switch, i.e., in
an actuator, avionic subsystem, etc. Figure 18 is representative of both of
these cases. Table 8 provides a summary of the switch types needed for this
representative application and the implementation alternatives. -

Because of the limited types, quantities and initial inavailability of
ADM signal sources being procured for the simulator , simulated signals sources
and “existing switches” buffered with signal conditioning c~rcuits will be used on
tOe simulator. The evolved system designs described iii paragraph 2.2 are based
on using these methods to achieve a “full—up” implementation of signal sources in
the simulator. A total of 152 signal sources consisting of 5 types are used in the
simulator system.

2.4.2.1 General Purpose Signal Source Panels -

The transducers associated with airframe actuated functions cannot
feasibly be implemented on the simulator. Typical of these functions are landing
gear and control surface position sensing transducers. The simulator design uses
toggle and rotary signal sources mounted on three special purpose panels to provide
the input signals to the SCG for these type functions. This allows representative
system operation without the need for the large, complex and costly mechanization
of the moving surfaces and pressurized fluid subsystems. However, the general
purpose panels are minimally used since their application is restricted to functions
which are not an integral part of the simulator.

2.4.2.2 Signal Conditioners

Signal conditioner cards were defined for achieving compatibility between
the 5CC and signals eminating from various avionic “black boxes” . The subsystem
and circuit designs were developed based qn use of five signal conditioner
assemblies . A total of 137 conditioner channels consisting of five types of
conditioners are required for the “full—up” simulator. The system design and
adapter harness assemblies are based on a full set of signal conditioners and sjjmi].ated
signal sources being supplied with the simulator . Thus, the only factor which
requires use of the modular concept (in the input control area) is the reduced
quantity of multiplex terminals needed for simultaneous operation of all simulator
subsystems. Use of the signal conditioners in conjunction with the modular concept
is depicted in Figure 19.
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SWITCH (sPsT )

FORCE SENSOR

ELECTRICAL
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FIGURE 18
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TABLE 8
SIGNA L SOURCE CONVE RSION EXA~~’LE

:. CONTROL STICK ASSE!.ffiLY

0 SIGNAL SOURCES TO INTERFACE WITH AAES

- ROLL & PITCH TRIM SWITCH (SPLeT)
(t4s277o8-3)

- WEAPON RELEASE SWITC H (sps’r)
(Ms25oS9-1~~R)

- TARGET DESIGNATE SWITCH (sPs’r )
(Ms25o89-~A R )

- NOSE GEAR STEERI~~~ ENA BLE SWITCH (sPsT )
(Ms25o89-k~R)

- TRIGGER SWITCH (DPDT )
(SPEcIAL)

- AFCS DISCONNECT SWITCH (sPsT )
(spEcIAL)

o TEC}~IIQUES OF 
- 

ADAPT ION TO AA ES

- REPLACE EM SWITCH WITH SOLID STATE TRANSDTXER

- ADD RESISTOR DIVIDER NETóJORK IN STICK GRIP ASSEMBLY
OR IN FORCE SENSOR

- WIRE CONTROL STICK TO MUX TERMINA L VIA SIGNA L
CONDITIONER CA RD

I ’
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Figure l9a depicts the signal conditioner interface with the
multiplex terminals and airframe harnessing for a full—up simulator configuration.
As shown in the figure , the airframe harness connects directly to the signal
conditioner assembly . The multiplex terminals, however, connect to the signal
conditioner assembly through an interconnect cable. The primary factors requiring
use of the interconnect cable is that the multiplex terminals must interface both
the signal conditioner assembly and airframe harnesses for access to signal
transducers mounted in various assemblies. This airframe harness interface
eliminates the ability to connect the signal conditioner assembly harness
directly to the multiplex terminals.

For the simu la tor inter im con fi gu ration , the multiplex terminal—to—signal
conditioner interconnect cable will be replaced by a series of adapter cables
which connect the limited multiplex terminal channels to selected signal conditioners.
Figures 19—b and 19—c illustrate use of adapter harnesses for reassignment of the
available multiplex terminal channels for two representative checkout groups. Thus,
by using adapter cables between the multiplex terminals and signal conditioner
assemblies, all AAES Simulator subsystems can be operated and evaluated with the
limited number of SCG multiplex terminals. The full—up simulator configuration is
achieved (in the input control area) by inserting the “full—up” interconnect harness.

2.4.3 Load Controllers

The load controllers cannot be feasibly simulated as could the signal
sources. Therefore, the simulator system and wire harness designs are based on
sharing the available quantities of load controllers. This design approach was
discussed in paragraph 2.1 under the modular design concept. To achieve the full—up system
(in the output power and control areas) requires that full quantities of controllers
be installed in the LMCs and removal of the two adapter harness associated with each
LMC . A total of 342 controllers are required for the full—up simulator, however,
a total of only 200 controllers (28VDC, 27OVDC, 26VAC, ar.d 115VAC) are required with
the modular concept.

2.4.3.1 Power Output Switches

Application of the modular concept to the low level power output switches
is comparable to the implementation concept used for signal conditioners. In both
cases sufficient low—level power output devices will be fabricated to service the
full—up simulator configuration. The limitation forcing use of the modular imple-
mentation is the limited number of demultiplex terminals. However, since the power
output card assemblies are installed within the LMCs, the modular implementation
is the same as that used for load controllers in paragraph 2.1.

The circuit interconnection for the low level power output switches
corresponds to that shown in Figure 2—b through 2—d except a full quantity of
drivers are provided. The only hardware sharing required is for terminal channels .
For this reason, conversion between checkout groups in the initial simulator
configuration is accomplished by changing adapter cables between the LMC (low level
power output devices) and the detnuitiplex terminals and between the LMC and “air-
frame” harness. Rework of the initial simulator to the full—up arrangement only

58



requires removing the adapter cables associated with the LMC and reconnecting
the associated SCG terminal , LMC and airframe harness connectors.

A quantity of 122 output drivers consisting of five basic types are
used in the simulator design .

2.4.3.2 Solid State Lamp Drivers

The simulator system design is based on using a full set of lamp driver
assemblies. The interconnect technique for the lamp drivers is the same as that
used for the signal conditioning modules described in paragraph 2.4.2.2, Figures
19—a though 19—b. Conversion between the four checkout groups and the full—up
simulator is achieved through interchanging the adapter harnesses. A total of
265 lamp drivers consisting of 3 types are used in the simulator.

2.4.4 Simulator Equipment Utilization

In order to provide an overview of the equipment requirements for
both the full—up and the interim modular implementations , summary tables were
prepared , Tables 9 and 10. Table 9 lists the ADM hardware requirements. Shown
are the quantities of hardware being procured for each device and rating. Also
shown are the quantity of hardware for the full—up and modular arrangements.
Since the modular arrangement contains four checkout groups, the quantity of hard-
ware “active” during each group is shown. I t  is fu r the r  noted that  the full—up and
interim quanti ty of SCG terminals is based on the ADM “types” of hardware. If
Universal Terminals are used in transitioning to the full—up system, a total of
19 will be required . Also, in the area of signal sources, the simulator will be
initially implemented with a full set of Vaught furnished simulated signal sources.
The table does not reflect requirements that may occur in order to fully accommodate
integration of the AAS (Advanced Armament System) capability.

Table 10 identifies the quantity of supplementary hardware required for
the simulator. The supplementary equipment consists of the signal conditioners
(5 types as shown), power output switches (5 types as shown), lamp drivers (3
types as shown) and the adapter cables. Since Vought is to supply a full—up
set of the supplementary equipment items , the full—up and modular implementation
quantities are the same. Since in most of the simulator system areas, the full—
up arrangement is derived by removing adapter cables and connecting up the basic
system wire harness connectors , only 6 interconnect harnesses are required for the
full—up implementation.

Appendix B contains the list of GFE required for the simulator. Tab le
8— 1 is the baseline GFE recommended for inclusion on the simulator. These GFE items
will allow checkout and evaluation of the systems and circuits which can be operated
in a meaningful manner. Table 8—2 contains a list of additional GFE that is
relevant to the TA—7C simulator. However, these equipments cannot be “fully
operated” or would be difficult to “adequately evalua te” as a result of basic
limitations of the simulator. As an example, M6l gun clearing solenoid can be operated
but should be loaded and checked for force and actuation time to fully determine if
degradation of performance occurs as a result of the AAE S Implementation.
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TABLE 9

ADM HARDWARE UTILIZATI ON

___________________ _________ — Qty Used ________________________
Qty Modular System Checkout Group

Item P rocured Full—Up Checkout 1 7~ 3 4

SCG Equipment

o Processors 2 2 2 2 2 2 2
o Maintenance Panel 1 1 1 1 1 1 1
o Pilot Control

Panel 1 1 1 1 1 1 1
o Multiplexer 6 5 5 5 5 5 5
o Demultiplexer 6 11 5 5 5 5 5
o Mux/Demux 4 5 3 3 3 3 3
o Data Bus Couplers AR 50 34 34 34 34 34

Power Controllers
28VDC Load Control
o 1/2 Amp 25 38 22 10 20 13 13
o 2 Amp 45 83 41 17 35 25 25
o 5Amp 15 29 15 4 5 8 7
o 10 Amp 15 20 10 8 0 0 2
115 VAC Load Cont rol
o 1/2 Amp 25 29 21 8 10 16 5
o 2 Amp 45 66 38 19 31 29 19
o 5 A m p  15 31 15 3 4 9 7
26 VAC Load Control
o lAmp 15 16 13 1 5 10 6
270 VDC Lóád -Control
o 2 Amp 40 30 30 30 30 30 30

Signal Sources

o Toggle (SPST) 65 51 51 17 29 27 31
o Toggle (SPDT) 0 27 27 5 7 11 16

Pushbutton Ltd 65 45 45 17 0 27 16
o Rotary 35 18 18 18 0 0 0
o Proximity 35 14 14 6 6 13 12

Alternate total quantity is 19 universal terminals.
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TAB LE 10

SUPPL EMENTARY HARDWARE UTILIZATION

________________________ _________  
Qty Used __________________________

Qty Modular System_Checkout_Grn~~
Item Procured Full—Up Checkout 1 2 3 4

~~gna1 Conditioners

o Type 1 — Ground or 43 43 43 6 18 14 14
Open/28VDC

o Type 2 — Open/Ground 36 36 36 11 6 10 8
o Type 3 — Open/Con— 44 44 44 11 23 - 9 11

tinuity
o Type 4 — Open/28VDC 12 12 12 12 0 0 0

or Ground
5 Type 5 — Ground or 2 2 2 2 0 2 0

Open/ 5VDC

Power Output

o Type 1 — 28V, 400 ma 69 69 69 24 19 28 12
o Type 2 — Grd, 250 ma 43 43 43 23 9 9 19
o Type 3 — Grd , 2.5 a 3 3 3 1 0 1 1
o Type 4 — SPDT , 100 ma 2 2 2 0 0 2 0
o Type 5 — 6V , 100 ma 5 5 5 0 0 5 0

Lamp Dr ivers

o Type 1 — 28V at 80 ma 120 120 120 32 40 45 34
o Type 2 — 6V at 400 ma 133 133 133 75 0 58 23
o Type 3 — 28V at 340 ma 6 6 6 0 6 2 0

Adapter Cables AR 6 67 24 20 20 20

S
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2.4.5 Load Management System

SOSTEL provides a capability for automatically adjusting power bus
loading to match the generating system capacity . The load management capability
greatly simplifies the bus management hardware requirements while providing a
more sensitive bus loading control than can be feasibly implemented with conven-
tional techniques. Reference 1 provides a discussion of the load management
concept and identifies the benefits that it provides. The load management operation
uses the inherent computerized control of SOSTEL for controlling the flow of power
to individual loads. This allows loads to be powered—up or powered—down as a
function of the power system capacity by providing the proper control equations in the
SCC. processors. Two sets of control data have been defined.

The first data set consists of the load management
2
modifiers and are in

accordance with the format of the Powertran Reference Manual . A load management
modifier has been defined for essentially all of the SCG output control equations.
The primary exceptions are the output terms which are always enabled. These are
for the critical emergency loads that are energized if any power is available.

The load management modifier format is illustrated in Figure 20. As
shown, sixteen management states are provided for load control. One of the sixteen
states is active at all times and control the load action during that state by the
following criteria:

o Management character . N: Output equation is solved normally and
the associated load controller state is
set based on the equation solution.

o Management character = S: Solution Of output equation is skipped
and the last state of the output is
maintained. The load controller state
is set based on the previous output state.

o Management character — 0: The output equation is forced to a logic “0”.
The associated load controller is turned off
and the load deenergized.

o Management character 1: The output equation is forced to a logic “1”.
The associated load controller is turned on
and the load energized.

As previously stated each load (i.e., load controller) has an associated
load management modifier. The total load connected to the power generating~conversion
equipment is therefore limited to the sum of all loads which have a management
character of N, S or 1 in the specific management level or state in effect.
This is illustrated by the following example for four loads which have control
equations of: 15 14 13 12 MA~NAGEMENT STATE LEVELS

W A, M(N 0 1 0 . . . ) (load — 2KW)

W = B, ?1(N 0 0 0 . . . ) (load 1KW )

W — C, M(0 N 1 0 . . . ) (load = .6KW)

W — D, H(N N 0 1 . . . ) (load . 2KW)
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If management level 15 is selected and A , B, C and D are a logic 1, then
the total load connected is 3.2 kilowatts; should the management state shift from
level 15 to level 14, the connected load is reduced from 3.2 KW to 0.2 KW. If
A , B, C and 1) are a logic 0, the connected load is zero for management levels 15
and 14, 2.6KW for level 13, and 0.2KW for level 12. In this manner , the total power
demand on the main power buses can be adjusted by changing management states.

The second load management data set consists of equations which define
management level selection.

Appendix C contains the preliminary equations which will be used to
establish the management levels. Contained in the equations are terms which are
functions of the aircraft flight mode, the PGS operational “health” state and the
bus priority level. These equations will  require refinement as more detailed or
complete definition of the PGS health status functions and response characteristics
become available. However, the equations as defined are illustrative of the control
variables, time constants and management level operation. To the extent that PGS
health signals are not available for automatically indicating the generator—power
conditioner operational status , manually activated signal sources installed on the
General Purpose Signal Source Panels can be used to simulate status. This will
exercise the load management “load shedding” and “load addition” operation of the
SCG but will not provide an effective evaluation—demonstration of the use of PGS
sensed health parameters and associated PGS response characteristics.

Exercise of the load management operation will be somewhat limited during
the initial simulator evaluation phase because of the lack of sufficient ADM hardware
(SCG terminals and power controllers). The supplementary loading concept described
in paragraph 2.3.2 however, minimizes this limitation. This can be accomplished
by assigning load management modifiers’ to the supplementary loads. In this manner
sufficient load changes can be made to occur during management level transitions to
noticeably impact the generator—converter loading and consequently their level
of performance.

Another factor which limits or perhaps complicates the load management
operation on the simulator results from the power generation/conversion subsystem
design. The PGS subsystem is being designed as basically a 45 kilowatt, dual channel,
main system with no emergency power sources. In addition , the generators and converters
can be operated in either a split synchronized or parallel mode. In either of these
modes, load management will not typically initiate load shedding until the sum of the
“present generating capacity” of both generators is less than the connected load.
Since a dual channel system is typically designed so that either channel can power
all connected loads , both generators would have to degrade to the point where the
total generating capacity is less than 45 kilowatts. Therefore, load management
will, be exercised on the simulator only to the extent that supplementary loading
on the main buses can increase the system load above 45 kilowatts .

The simulator design also includes provisions for a second PGS operational
mode. In the second mode or alternate configuration, one channel serves as the main
power source while the second channel serves as the emergency generator. Although
this arrangement distorts the ratio of emergency power capacity to main power
capacity, the impact and operation of power source switchover and load management
can be evaluated for the single engine implementation. It is noted that for a”typical”
single channel system having load management , the main power sour ce load is reduced
as a function of its “capacity to generate power”. At the point where the degraded
capacity of the main channel drops below the capacity available from the emergency
source, the main source is disconnected (tripped) and the emergency source is brought
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on line. The single channel system load centers (LMC) also typically contain an
essential hus and a non—essential bus. The essential sub—bus is powered from the
main and the emergency sources. However, the non—essential bus is powered only
from the main source . When the main source t ri ps rind the emergency sour ce is
activated , tha connected load drops by virtue of ot~

1 v the LMC essential bus
being powered. In this case , the load management software will  sense an underload
on the emerge~tcy generator (main generator tripped). This will result in loads
being ~~~~ until the underload condition load is removed or until all emergency
loads are enabled. The number of effective load management levels Is doubled as
a result of powering only the loads connected to the hardwired essential buses.
Since the simulator is being designed for a limited quantity of load controllers
and for dual channel operation , it is not practical to split the LMC buses between
essential and non—essential. Therefore, the initial simulator design will in effect
not employ a split (essential and non—essential) bus.

In order to address both the single channel and dual channel power system
operating modes, the management level selection equations in Appendix C contain
terms which modify the load management operation as a function of system operation
mode . These terms appear in the overload and underload equations of Tables C—2
and C—3 and in the level modifier equations of Table C—5. These additional terms
are derived from three coci~~it mounted signal sources:

(a) Load Management Enable ,

(b) Emergency Generator , and

(c) Single/Dual Channel Mode 
-

Table 11 contains a matrix which illustrates the load management operating mode
for the various states of the three signal sources. This enables the load management
routine to be exercised with the available simulator loads for both the dual channel
and the single channel power system arrangement.

2.5 Avionic Multiplex System Definition

The Avionic Multiplex System (AMUX) provides data communication
between the six avionic primary subsystems and seven secondary subsystems as
listed in Tables 12—a and 12—b . The signals selected for multiplexing on the
data bus represent a cross section of signal types and characteristics. Table
13 indicates the assignment of these signals to the four area multiplex
terminals (ANTs). Given in Table l2are the subsystem name, nomenclature and part
numbers, and the location of equipment used in the signal list. The signal assign-
ment list identifies the signal name and identification number, orgin and
destination, and the general characteristics of each signal. Tables 13—a through
13—d are the assignments for the forward cockpit , a f t  cockpit, right avionics and
left avionics terminals respectively. The candidate signals to be multiplexed
are made up of 154 inputs and 178 outputs. Table 14 identifies the signal counts
assigned U, each terminal.
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Attachment (1)

TABLE 12

AVIONIC SYSTEMS MULTIPLEXED

(a) Primary Subsystems Interf aced

NO. OF
UNITS SUBSYSTEM NANE PART NUMBER LOCATION

RADAR ALTIMETER (APN—194)

1 Receiver Transmitter RT—1042/APN—194 RC
2 Indicator ID—1760A/APN—l94 INST (Fwd and Aft)
1 Interference Blanker MX—9l32A/APN—l94 RC

i)IGITAL DATA COMMUNICATION (AsW—25 )

1 SINS/Waypoints Receptacle MS3120E16—8S LW
1 Converter Receiver CV—2230/ASW—25 RME
1 Coupler Converter CU—1923/ASW—25 AMO
2 SINS/Waypoint Switch 215—21209—3 LCSL (Fwd and Aft)
2 Control C—7lOOA/ASW—25 LCSL (Fwd and Aft)

TACAN (ARN—84) —

1 Receiver Transmitter RT—l022/ARN—84 RA
2 Control C-.9054/ARN—84 RCSL (Fwd and Aft)
1 ~~unt ?tT—4354/ARN—84 RA
1 Antenna Switching Unit SA—52lA/A

1FF TRANSPONDER (APX-72)

1. Receiver Transmitter RT—859A/APX—72 RPt
1* Control C6200A/APX LCSL (Fwd and Aft)
1 JK XII Computer KIT—lA/TSEC RA
1 Tester TS—1843B/APX RA

UHF RADIO SET (ARC—l59)

2 Receiver Transmitter RT—ll5O/ARC—159 RA
2 Control C—9577/ARC—l59 LCSL (Fwd and Af t)
2 Frequency Indicator ID-1972/ARC—159 INST (Fwd and Af t)

AUTOMATIC DIRE CTION FINDER (ARA—50)

2 Control C—l 457/ARR—4 0 LCSL
1 Antenna AS’909/ARA 48 CI)
1 Amplifier Relay AN—3624/ARA—50 BA
1 Receiver R—1286/ARR--69 BA

* 1FF Control will not be incorporated in aft cockpit.
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TABLE 12

AViONiC SYSTEMS MULTIPLEXED

(b) Secondary Subsys tems Interfaced

NO. OF
UNITS SUBSYSTEM NAME PART NU~ffiER LOCATION

HEAD-UP DISPLAY (AVQ— 7) 
-

1 Signal Data Processor CP—9l5/AVQ— 7 LA

NAV/WEP DELIVERY COMPUTER (As N-91)

1 NWDC CP—952/ASN - LA

INERTIAL MEASUREMENT SYSTEM (ASN—90)

1 Adapter Power Supply PP—6l4l/ASN—90 LA

FORWARD LOOKING RADAR

1 Sweep Generator SG—8l l/AP O—l26 LME

INTERCOMMUN ICATION SET (AIC—25 ) -

1 Tone Generator 0—1595/A PA

AUTOMATIC FLIQ{T CONTROL SYSTEM

1 Roll Control Amplifier AM—4353/ ASW—26 LA

HEADING MODE SYSTEM

2 Attitude Director Indicator ID—1329/A INST
2 Horizontal Situation Indicator ID-l013/A INST
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I
TABLE 14

AMUX TERMINAL-SIGNAL ASSIGNMENT

Terminal No. Inputs Outputs Total

1 21 74 95
-44 2 26 40 66

3 88 39 127
— 4 23 12 35

Total 158 165 ~23

Although the TA—7C provides for both forward and aft cockpit controls for
the 1FF transponder, only the forward controls will be handled over the ANUX system.
This is basically in keeping with the A’-7E aircraft implementation. It is also
noted that switching logic is required for a group of 15 avionic discrete signals.
Of these, 13 signals are used as control variables in Boolean equations and 2
signals are output controls, i.e., the results of equation solutions. All fifteen
signals are transferred between the SCG and AHUX via the data bus interface. It
is envisioned that the ANUX bus will be operated in the poll—contention mode,
therefore, transfer of the signals will occur upon a “change of state” of the
signal(s). However, the ANUX data bus operation and protocol is flexible as a
result of the ANT being programmable. Consequently , a range of communication—
data transfer schemes can be evaluated.

2.6 Avionic System Priority Assignment 
-

In view of the limited quantity of AAES ADH equipment being procurred , the
problem of requisitioning some of the GFE used on the TA—7C, and the difficulties and com-
plexity of performing certain system tests and evaluations, a list was prepared for
the purpose of establishing priority for the systems and equipment. The list was
prepared on the basis of performing test and evaluation on a primary subsystem.
Therefore, the equipments comprising that subsystem, other supporting subsysteiis
required or desired, and test equipment ne~ded were assembled into a list1 Table 15.
The table lists the pertinent ?art numbers for the ~i.~rious equipment. The table also
identiftes priorities for implementJi~g and testing/evaluating the various TA—ic
avionic subsystems on the AAES simulator based on such factors as complexity,
equipment availability, special support equipment requirements, difficulty of
testing as a result of requiring special set—up, such as hydraulics, radiation, the
equipment being classified, etc. The priorities range from 1 to 5 with 1 being the
most desirable for implementing on the simulator .

81



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--- --~~~~ 

-* -
~~~~~~~~~~~ —-~~~~

‘1

- C
~0 II •

~

~
V) ~~_9 , II

C -U

z g

I T’ 
-4

~~~~ 

- 

!~
2: j~~~ ~ 

,

~
~~~ ~~~~~~~~~ ~~~~~~ ~~~~~~~~Lu In ,,s • —~ s ‘~ I, (fl -5 5-’ -,
I-. ~~~~~ :&~~ ~~~~~V~5 ~~~~~~~~~ ~~~~

0 
~~~~~~~~~~LU .. ~~ a. ~~ ‘ - — ~~

_ 0 —5 ~ 
—5 *.I-. ~ ~ ~ ~~~~~~~ ~

1*4
tn
I- V~4,, $44 ~
1*4 ~~~ ~~~I. -1 .~ 4~ I.

I— . ~~~I W J ~ 
04

(1_) 
~~~ ~ •-‘ II

>- •~~~ l5 ’.I IS .( ~~ -‘I
1I~ (#~

) 
~ ~ ~ 

-1 
~ ~~ 

1.l

~ ~ 0
~~ ~~ .4
1*4 ~~~~~~~~~~~~~~~~~~~~~~~~ .~ 4 4

~~~ ~~~~~~~ 

h

i 
~ 11 ~~~~~~ ~~ ~ 

,! ~~~~~

~~~ 

— 

~~ ~~ ~~ ~~ ~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~ 

— 

~~~~ ~ ~ ~~~~~~~~o’
~~ ~ ~ ~ ~ 

g ~ ~ ~ ~ ~ ~~~~~~~~ ~ ~ ~
z ~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~

~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
§
~ g2~~~ ~ ~(*4 ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~ ~~~~~~~~~~~~~~~~ ~~ ~~

~~ ~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _

~~~ -w 0
z

-4 •0 IC 0 ~~ -I ~ 4 ‘-4
I-. :~ ~ ~~ ,-. I- I~ ..4 -4 -I ~~~~~~~~~~~~~ ~~ -4 ~~

~~ ~ ~ ~ ~~~~~ ~ ~ ~ ~ ~ u~:~ ~ ~
0
(-1.

(14

- 5. 
5.

— 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

l _ _

.5 1 ~ ‘~‘;~L ‘~ I.! ..4 )

‘14 
.
~ ~

- eb,~I II I 
~ 

_ _ _ _ _  
~ I I 

~~~~~~~ — -~~~—~~~~ ~~~~~~~~~~~~~~ --—~~~~~~~ --— -~~~~- — ~~~~---~~~ -- A



- - — - - - -.- —- — -~ -- -- -~~---- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r-~- -.----- — ‘ . - -

; 
~~~~~~~~~~ ‘n It ~ ~~
0’ 

~~

~

-
~: I 

•-‘ 

;~
— -4 

.5;

~~ 
x~~~~~ 4

0’(14 ‘4
4— n *. -1 4
V) ~ ~~~~~~~ ~ ~~~ 0
114 z _ c ,-~~~ o ~I— 1.~ ~~

0
LU

In
I— V~1. II_) W I-. I.

LU ~~ ~ ~~~5-. 
(,~ ~ ~ li

4/~ ~~ ~ 
(3 8~ a

~~~~~~~ 
: -~ n

I-. I. ~~~~4 . U  
~~ 

U
•
~~

~ 
-; :; ~~~~~~~~ _ 

: 

—

~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _

41’1 ~~ ~II— >- ~~~~~ (4
z vs

‘(4 (14 4 4
.4 ~~ ~~ 0*  0

~~~W ~~ ~~~ ~ ~ 
44

I— 4 0  0 
~ g 0

~~~~~ 0 4- ’.. — 
‘4 z

I., ~~~ _ ,_ ~~~~~~~~~~~~~~ ~ .—- —-. - .- - - -- -- ;-
~

——- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

——
I-i ~~~~~ ~~ ~~~~~~~~~ ., ::5-I ~~ ~ 4 ’  ~~~~~~~~
~ ~~~~~ ~~~~~ ~~~ ~ ~~ ~~~~~~~~ ~~~~~~~~ ~~~ ~2 ~~ ~ n°

~~ ~~ ~~~~ ~~~ 
g~ ~ ~ ~~•C~~~~~~~~~~ -4 ’4  ei .O~~~~~~~ ’0~~ t •~ 0 4 4  44 ~~~~~~~ ..in *~,,o n ,0 0-0 ‘00’O C -0 -0 0, /) ItS ~ ~~4fl~~

~~- ~~~~~~~~~~~~~ ~~~~~~~ ~~~~~ ~ ~~~ ~~~~~

a
LU 0 .4 ..z ‘4 ~~~~ .4

I— ~~~~~ ~~ ~~~~~~~~ -4 L.. ~ ~~ ~~~~
~ ~~~~~~~~ ,& .A h 4 ~~~ ~ 

—.-. ~~~~~~
0. ~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ ~~ ~~~ ~~~~~

F ~ ~~~~ ~~~ ~ ~ ~ ~ _______________

0’
0’

~~0. ~ ~! ~ j ~ itk!* ~ ib ~~ I 
-

-i- ~! 
~~~ 

ItIh~ 
~
li
~

e3
_ 

I~’ I  
~41



~~~~~~~~~~
-— 

~~~~~~~~~~~~~~~~~~~~~~~~

-- -- --- ---

~~~~~~~~~ 

-

~~~~

- - —  —-

~~~~~~~~~~~~~~~~~

--—— - -  - -- . 

~ -- 

~~~~ 
- 

4
vs

~~ 
U

o: z ~ : ~~~>
0 4 - 45 . 0 0, —4 C~

:

~ 

~ 

~ 

~~ 

~~

0’ ~~~~~~~ ~~~~~~~~~~~ ~~~~
LU e-. ~i I-. r~ o~ c~ r’ ~, -0 0’ ‘ ‘C 0 - ~~ t’~ 5’ fl .4 ~ ‘4

~~~~~~~~~~~~~~~~~~~~~~~~~ r~~O (-~~r. fl~~ON M~~ t C~~~ 0I~~~~P . -S (~
~~~. 4 O 0  ~c~~or- -t ( . C1. I~~~O 0’C’4 .-4 0I 0 0~~~ (‘ tI
(-I pli- ”- 000% — 0’N%t t ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ,_ . 4* 4

z ::;:~~ ~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
— 0’ 01.0’ r. 0 0  0~~01.~~~~~~ C- t r~~ ’4 . 4 . 4Ne4 r4~~~~ .4 c MN , 5,- r--aI C.1u, r _ o _ _ - .~~~
z ~ ~SS~ ~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
LU 0 0 . 4 - 4  0 0 0  v ’- r O O  ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 4*4*’ 4*4

~~ ~~~~~~~ ~~~~ ~~~~~~ ~~~~~~~~~~~~~~~
~~ ~~~~~~~ U~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _________

~~ 
— -I

0’
LU ~~ 

-4

z 
_

~ S •~ -~ ~~ 0’ 0 0 ~~ r,
~~~ . 4 —— —  <.c ,c 1.~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~c~~~~~~~ . & a ’

~~ ~~~~~~~ ~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ - - 4 — — —  ;~~~
j)

~ . ~~~~~~ ~~~~~~~~~~~~~~~~~~~~ J~~~j .j .J. j4 j IJ) J. .A .A J. J.~i
b ~~~~~~~~~ 

:~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
—

. .  
~~0”  
_
‘5 4,

I— ~~~~~~~~~~~ x ~
~~~ ~~~~~~~~~~ ~~ 

.-

~ ~j i ! ~ 2 ~
~~~~
j

~~O I 
~ ~~~~ ~~! ,.~~~ ~

~ .2~~~ 4 4  ..4~~~~~~ ~ I~2 2  8 ~ 
(l 4. ’4 5 .~~~~~~l ~ 

0

I-. 0 . 1 0 (1 4 4  C I .  ‘4~~ I~~~ 4 0 00

~~ 
1*4 0 0 1~~.1 0 0 - S  V V . 4 0 0  I- 4- ‘ 4 4 4 1 . )  0~~~~V 1.1.

4 - 1 . )  P C P.-.4 -.. ~ ~~~1 . 0  — .~~~~~~~ .4 C i . .
44 4 - 4 - 4 4 4 * 4  

~
-&  

~ ~~ 
(4 ~

I hi:! ~3 ~ 
2

— 

3~~~~~~~~~~~~~~~~4-~~~~a



___ - —

AD—A066 393 VOUGHT CORP DALLAS ltx F/G 1/3
AAES LABORATORY SI*JLATOR REQUIREMENTS (A—7 AIRCRAFT) • (U)
SEP 76 J R PERKINS, 0 E LAUThER, a L JONES N62269—77—C—0377

W~CLASSIFIED 2—5’I100/6R—3510 NADC—7 7277—30 NI.

_ _ _  

I.
END

5 7 9

a



L.4 ..
=z- .

44

g
~L

—I

_ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  

CM

‘0 30

W
I— ——— ‘0 ‘0

~~~w 1  

‘

~ 

I 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _

z 1- —

a N

1.44 CM.0~~O ’ 0  0~~~~~~~~ 0 N O’ 0 -t C i C M C~C M N  N~~~~’0 o t n r4ne i  4 ..CNeI C f l t J t C S  —
fl .fl ‘0’0  ‘0’0 .-C ‘0 — ‘0’0  0 -t CM 0 ‘0 N N N N CM CM fl 445 .44’0  44s 44 N CM

r% CO t- t% C0 .- 4’0 C M C O  C M U~~~~~~f l C M C M M~~~4 4  CM

—. -. ‘0’0  ‘0’0 0 ‘00  ‘0 ’0  ‘0 ’0  ‘0 ’0  0 00 0  0 0 0’  CM .i 0

~~~~~~~~~~~~~
~ (/~4 00 00  0 0 0 0 0 0 00  0 0 00 0  ~~~~~~~~~~~~~~~~~~ — a
Z I’ ~~~~~~~~~

~~~~~~ ~~~~~~~~~~~ ~VS VS VS VS Sn Sn Sn Sn ~(C N N CM CM N N N N N 44% I I
0~ ~il~~~Q ~~~~~~~N CSINN N N — C’S N N NM  OS OC OS OS øS ø’ aC OS O. •~~,*‘0

a
III 0z .44 Sn

VS .44 N OC GC .•4 ..C

~‘0 .0 0 .—s .—i .—i A. .—S Z 4 4 4 1  S I I
Z Z Z  .

~~0 3-44  ..S .. ~~~~~~~~~~~ C 5 C M .t C O

~ “~-~ ~~~~~~~~~~~~~~G .aO’ OS S % C ’~~~~~ — o  ~~~N0 0 C’ .  ‘ 0 ’ 0 C O’ 0 0 ’ 0  .0 S I 4 I a O S ’0
,.4 ..S SO N C M C I 4  N ~~~~~~~~~~~ ~~~~~~~~~

N C M N
~~~~ t~

C.4 Ii I~~~• C

41 
~~~~~~~~ 

-
‘0 ~ ~ .hi~ ~ ~‘ I !’ ~~ ~~~~~~~~ ‘~~ ~~

‘ ~~ .4
1.14 4, 44 4. IJ Iâ

— £~~~~~~S~~.4 N I. ~~ ~~~~ ~

~ 
JJJj i ~ I1Ii°I~ ~ 1H1



F — - - - ______________

•0

•.0

C __ 0
— 0 0

‘,~ ~;

S
— — _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _

0~ 0 N N ~‘. 0  -‘ C C C 0 ‘C 00  C C  C
• ~~ 

N P. 0 .0 N IA N 0 ‘00 0 N N C C “4.0 ‘0
“4

• 0’ 0’ N .0 ,00 .0  •~ C V 0’ N N
0’ 4 U~ 0 N N — N ‘S ‘0 0  ‘0 P. — C C ‘S f l

C 0~~~~ 0’ .0.0 C C  0. C C C~~~~~g . . C C

:
~~~~~

0

t— IA
N

~ .~~~~~~~~~ I.
C • 0 0  0

•
~ u I . 4 k~~ S I  I S  C

~~~~~~~ s 
~: ~ 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ~ hL~



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

L

‘0 0 k 0 ‘..

w

w

I- ~~I, .. W
LU
I-

1,5 VS

I.LI ~~ 0
I- ~~ g

o o,
L0 U.S

VS v’s
I— >-z VS

~~~LsJ ~~
0 0
g

S C C

— —.— - — _ _ _ _ _ _ _ _ _ _ _ _

a
~~ I0~~~ C
~ 0~~ ~.4

~
~

U.S Nz

‘0 P.
N~~~~1

N N 0’ . 4  N ‘S 0 .S~~~ N. 0

>I~~ NN~ 2 N  N 4 O N U
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _ _ _ _ _

In.0

II T  .

a —
0 0 0  S.0~~IA~In~fl ~q fl

i
~
iI

~fli Jill iiU 
~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ _  . . .  _ _ _ _



-

IT

REFERENCES

1. Advanced Aircraft Electrical System, A—7E Prototype Design ,

- 

Final Report NADC—76193— 30, dated August 1977, by J. R. Perkins,

etal, Vought Corporation.

- 
2. POWERTRAN Reference Manual for Program Support Software Pakcage,

Report No. 78—14905, dated 15 February 1978, by W. R. Sobko,
‘ Garrett Airesearch.

t ( 2

I 1~•1 1,
1?

88 

-

—.-— -.

~

- .  - . ,-~~ - —~~~---
.  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .



__ - 
- 

-

- 
______

LIST OF ABBREVIATIONS AND ACRONYMS

AAES Advanced Aircraft Electrical System

AAS Advanced Armament System
ACLS Automatic Carrier Lauding System

ADM Advanced Development Model

ANT Avionic Multiplex Terminal

P1NUX Avionic Multiplex

- BC Bus Controller

BIT Built In Test

ETC Bus Tie Controller

CAD Computer Aided Design

DT Data Terminal
P 

EM Electromechanical
EM! Electromagnetic Interference

I GCU Generator Control Unit

GFE Government Furnished Equipment

• HVDC High Voltage DC
ICU Industrial Control Unit

I/O Input/Output

t KW Kilowatt

LC Load Controller

LMC Load Management Center

PCU Power Conditioning Unit

PCS Power Generation System

- SCG SOSTEL Control Group

- SOSTEL Solid State Electric Logic[ TEE To be Defined

VSCF Variable Speed Constant Frequency
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I ~ A-7 ENGINE PAD DEFINITION

- - INTERFACING MVDC GENERATOR

“ S

1.0 Enclosed are drive pad definitions for the two engines used on the
A-7. The HVDC generator can be suitable mounted on either in terms of available
space, overhung moment , and available torque. A suitable gear box is required
for attaining the desired speed/rotation for the generator. The drive pads
are summarized as follows:

- 1.1 TA—iC (TF3O—P—408 Engine)

a. Power Take—off (CSD) Pad — Special, see enclosure (1),
counter clockwise rotation (looking at pad).

- - b. Pad Output RPM Range 4000 to 7500 RPII (.488 N2 RPM) .
c. Max. allowable overhung moment 2 ,500 in—lb.
d. flax. permissible torque , — See Enclosure (2).

• - e. flax, available space envelope available for generator installation:

1 11.0 inches diameter x 24.00 inches long.

1.2 A—7E (TF41—A—2 Engine)

a. Power Take—off (CSD) Pad — Special, see Enclosure (3), counter
clockwise rotation (looking at pad).

b. Pad Output RPM Range 4074 to 7459 RPM (.574 N2 RPM).
3 . c. Max. allowable overhung moment 2,500 in—lb.

d. Max. permissible torque:
Continuous 2354 lb.—in. @ 4074 RPM (152 HP),
Continuous 1060 lb.—in. @ 7459 RPM (125 HP).
5 Mm . Overlead 3750 lb.-in. @ 4074 RPM (242 HP).

e. Max. available space envelope available for generator installation:

V 11.0 inches diameter x 24.0 inches long.

NOTE: Enlargements are provided to show details of pad.
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1. NOTES :

1. This equip ment is required for full operation of the Automatic Flight
I Contro l, System. The AECS was assigned a System Test Difficulty of 5 (the

highest difficulty).

2. This equipment is required for operation of the ?161 2O~1U gun. This
system has a test difficulty rating of 5+.

- . 3. Use of this equipment will be somewhat meaningless without providing
the fluid pressure of which is to be monitored.

- 4. This equipment is part of the engine instrumentation set and will not be
- operational without the TY—30 engine which generates the measured condition

or without some suitable device for simulating the measured condition.

- 5. This equipment is required if electromagnetic radiation is attempted in
j i  the lab.

6. This equipment will not be fully operational without a hydraulic p~~er
= I source.

7. This equipment requires complicated mechanical hardware to fully evaluate

I the anti—skid control function.

8. This item is required for operation of the temperature control system.
However, air conditioner opera tion (or installation) is not practical in the
simulator.

• 
9. This equipment is required for operation of the fuel transfer system.
Since fuel will not be transferred, this item is optional.
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