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[Abstract]

The flight control computer applied to manned/unmanned aircraft is one of the key components directly connected to the control of the
aircraft, and is generally designed with a redundant architecture so that essential functions for flight can be maintained even if a failure
occurs in a single channel. The operational flight program loaded on these redundant flight control computers should be designed
considering a time synchronization between channels, input data selection methods from redundant sensors, and fault detection/isolation
methods for channels. In this paper, we propose a redundancy management method applied to triplex compact flight control computers for
advanced air vehicle. The proposed redundancy management method includes a synchronization algorithm between triplex channels, an
input data voting method from sensors, a bus control right selection method for control command output, and a fault detection/isolation
method for channels.

Key word : Advanced air vehicle (AAV), Compact flight control computer (CFCC), Redundancy management,
Operational flight program (OFP), Flight critical software.
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Fig. 1. AAV system architecture.
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Table 1. Devices connected to CFCC.

Device Function
Embedded GPS/INS(EGI) Navigation, Attitude Data
Air Data Sensor(ADS) Air Data
Radar Altimeter(RALT) Altitude Data
Vehicle Management Vehicle Management Information and
Computer(VMC) Mission Data
Vertical flight — Lift
Rotor

Horizontal flight — Thrust
Yaw/Roll/Pitch Control during

Vertical flight
Inverter/Motor Angle Control

Control Surface Actuator(CSA)

Tilt Actuator(TA)

Collective Pitch Actuator(CPA) Rotor’s Pitch Control

Power System Power Management

Pilot Control System(PCS) Control Stick, Throttle Command
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CFCC 3t=4lo= 11 29} 0] APM(application processor
module), IOM(input output module), PSM(power supply
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Fig. 2. CFCC hardware configuration.
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Table 2. Performance and characteristics of CFCC

hardware
Item Performance and Characteristics
® Sensor Data Receiver, Flight Control Calculation &
Main Control
F ® |-LRU I Ch, 3-LRU Redundancy
catures | o Main Processor : Layerscape
® /O Processor : PolarFire
Functional 0s © VxWorks
® CAN, Ethernet, ARINC-429
Interface ® RS-232/422
® Cross Channel Data Link(100MBps)
® OPEN/GND
Dimensions | ® Max. 125.0 X 105 X 145.0mm (W X H X D)
Weight | ® Max. 3.0kg
Power | @ Typ. 30W
Physical
Cooling | ® Conduction Cooling Method
Power Spec | ® MIL-STD-704F, 28VDC, 50msec Hold-up
Envggzénent|  MIL-STD-810G w/Change 1, MIL-STD-461G
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Fig. 4. Data input example for triplex redundancy sensors.

Input Data#1 Diff#1

1

Calculation of of d;ta Data validity Info, | Selection of

difference validity data

input Data#2 Selection data

Input Data#3 Diff#3

Monitor & Selection Logic

a8 5. ABsk MAol et e cloje] Mey 23
Fig. 5. Input data selection logic for triplex sensors.
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Table 3. Output channel selection to fault conditions.

Fault CFCC Ch.A or CAN#N Interface State] O | X | X | X
Generation| CFCC Ch.B or CAN#N Interface State| - | O X
Condition| (pCC Ch.C or CAN#N Interface State| - | - | O | X
Output Channel Selection Result 1121]3 |4

1 : Output Control Commands to CAN#N through Channel A‘O’ : Not Fault
2 : Output Control Commands to CAN#N through Channel B ‘X’ : Fault

3 : Output Control Commands to CAN#N through Channel C *-> : Don’t care
4 : Keep Currnet Output Channel
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Table 4. Failure detection type.

Failure Type Detection Method

Illegal Address Access|Detection via HW Interrupt

Data Memory Error |Detection via SW Interrupt

Flash Memory Error |Detection via SW Interrupt

Task Overrun Detection via Monitoring of Frame Flags

Stack Overflow  [Detection via Monitoring of Frame Stack Address
Power Fail Dete.ctl(.)n via HW Interrupt & Voltage
Monitoring
Core Self Test Fail | Dctection via HW Self Test or SW Self Test

Library provided by the manufacturer
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