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A Study on the Design and Validation of Pilot Activated Recovery
System to Recovery of an Aircraft Unusual Attitude
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Abstract

: Relaxed static stability(RSS) concept has been applied to improve aerodynamic performance of modern version

supersonic jet fighter aircraft. Therefore, flight control system are necessary to stabilize an unstable aircraft and provides
adequate handling qualities. Also, flight control systems of modern version aircraft employ a safety system to support
emergency situations such as a pilot unknown attitude flight conditions of an aircraft in night flight-testing. This situation is
dangerous because the aircraft can lose if the pilot not take recognizance of situation. Therefore, automatic recovery system is
necessary. The system called the “Pilot Activated Recovery System” or PARS, provided a pilot initiated automatic maneuver
capable of an aircraft recoveries in situations of unusual attitudes. This paper addresses the concept of PARS and designed
using nonlinear control law design process based on model of supersonic jet trainer. And, this control law is verified by
nonlinear analysis and real-time pilot evaluation using in-house software. The result of evaluation reveals that the PARS
support recovery of an aircraft unusual attitude and improve a safety of an aircraft.

Keywords : PARS(Pilot Activated Recovery System), RSS(Relaxed Static Stability), FLCS(Flight Control System)
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Fig. 1. PARS flight control law architecture.
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Fig. 2. Definition of regions and recovery command.
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Table 1. Description of region definition.

Region # O(deg) pars_path FPM.r |Hysteresis
1 -80° < © < 40°|pars_path > 0.5| - -

40° < © < 80°|pars_path > 1.5

2

pars_path > 1.5 |positive| True
3 6 > 80° pars_path > 2.5| - -
3 © < 80° pars_path > 2.5| - -

¥ pars_path : definition of regionfregion 1, 2 and 3)
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Table2. Recovery command and conditions of region 1.

Recovery Command Conditions
Case
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Table 3. Recovery command and conditions of region 2.

Recovery Command .
Case Conditions
pitch(g) | Roll(deg/sec)
£(6) /() abs (¢) >120°
2 0 100 abs(¢) <120° and ¢> 0
0 -100 abs(¢) < 120° and ¢< 0
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Table4. Recovery command and conditions of region 3.

Recovery Command .
Case - Conditions
pitch(g) |Roli(deg/sec)
1 7 0 6> 80"
2 4 0 6< —80°

, .., (H)
filter ., = s +ffm,(H)
£, (H)=10(H < 10000) (6)

= —0.0008 X H+ 18 (10000 < H< 20000)
= 2(H> 20000)

. 5
fllterrall: s+ 5 (7)
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Table 5. Test points.

Case| Region |Mach| Alt(kft) 0 (deg) ¢ (deg)
1 3 -90 0
2 1~3 | 031 15 | -70, 40, 70, 85 | 0, 120, 180
3 3 90 0
4 3 -90 0
5 1-3 0.95 15 -70, 40, 70, 85 | 0, 120, 180
6 3 90 0
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Table 6. Nonlinear analysis of recovery time and altitude drop.

R.T(sec) Alt. Drop(ft)
Mach (8 (deg)| ¢ (deg) | Region ——
Pitch | Roll Recovery
-90 0 3 9.5 - -2555
-70 0 1 8.6 - -1998
-70 120 1 87 1.7 -2104
=70 | 180 1 9.0 22 -1978
40 0 1 7.6 - 563
40 120 1 152 | 11.8 877
40 180 1 11.9 8.3 792
10 0 2 | 234 | 136 714
70 120 2 225 | 135 698
70 180 2 217 | 125 606
85 0 3 275 | 172 -82
85 120 3 259 | 181 238
85 180 3 255 | 181 245
90 3 193 | 266 84
-90 3 8.8 - -5652
-70 1 7.1 - -3901
-70 120 1 8.4 1.7 -5079
-70 180 1 9.4 24 -6040
40 0 1 53 9.0 2667
40 120 1 11.7 | 29 2666
0.5 40 180 1 11.5 3.5 4231
70 0 2 105 | 116 4982
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