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A Study on the Design and Validation of Automatic
Pitch Rocker for the Aircraft Deep Stall Recovery
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(Chong-sup Kim, Seong-ho Hahn, Byung-moon Hwang, Young-ho Lee, Dong-kyu Lee, and Sung-jun Ahn)

Abstract : Modern version of supersonic jet fighter aircraft must have been guaranteed appropriate controllability and stability
in HAoA(High Angle of Attack). Limit value of aircraft entering into the departure in HAoA is related to aircraft
configuration design. But, the control law such as AoA and yaw-rate limiter is implemented in digital Fly-By-Wire flight
control system of supersonic jet fighter to guarantec the aircraft's safety in HAoA. The HAoA flight control law have two
parts, one is control law of departure prevention and the other is control law of departure recovery support. The control laws
of departure prevention for advanced jet trainer consist AoA limiter, roll command limiter and rudder fader. The control laws
of departure recovery support are consist yaw-rate limiter and MPO(Manual Pitch Override) mode. The guideline of pitch
rocking using MPO mode is simple, but operating skill of pitch rocking is very difficult by the pilot with inexperience of
departure situation. This paper addresses the design and validation of APR(Automatic Pitch Rocker) control law instead of
MPO in order to automatic recovery without manual pitch rocking by the pilot. And, recovery characteristic with APR verifies

by the nonlinear analysis and pilot evaluation.

Keywords : APR(Automatic Pitch Rocker), MPO(Manual Pitch Override), deep stall
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Table 1. Test points and initial stall condition.

No. | Condition |Config. (ﬁﬂ{t) (Adzg (ng(iss) % T\fA 0
1 F11 54.2 106
2 upright F10 35 61.2 104 45
3 F12 53.2 111
4 F11 -63.5 99
5 Inverted F10 35 | -64.0 99 41
6 F12 -63.0 103
7 & 5 4 3 2 1

a9 6. 327 B& 3A)
Fig. 6. Aircraft loading configuration.
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Table2. Non-real time simulation result of recovery characteristic
as lag filter change.

Table3. Non-real time simulation result of recovery characteristic
as amplitude gain change.

Condition Qb Lim Gain Filter Comment Condition Qb Lim Filter | Gain Comment
(deg/sec) (deg/sec)
w/o filter aoa undershoot 2 aoa undershoot
Upright 25 5 S/(st5) aoa undershoot Upright 35 3(s43) 3 aoa undershoot
ri ri 5
P 3/(st3) aoa stable P 5 best
1/(s+1) recovery delay 9 best
w/o filter aoa overshoot 2 recovery delay
5/(s+5) aoa overshoot 3 recovery delay
Inverted 35 5 Tnverted 35 3/(st3)
3/(st3) aoa overshoot 5 best
1/(s+1) recovery delay 9 best
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Table4. Non-real time simulation result of recovery characteristic

as transient response preventer change.

Condition| Gain | Filter Qb Lim Comment
(deg/sec)
15 slowly conversion
Upright 7 | 3ist3) 25 slowly conversion
ri s
P 35 best
45 cannot recovery
15 cannot recovery
25 cannot recovery
Inverted | 7 | 3/(st3)
35 best
45 best
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Table 5. Non-real time simulation result of stall recovery characte-
ristics for each loading configuration,

Reco | Recovery | Al

No. . .
° very | Time[sec] | Drop(ft) Commen

1 - 154 max. recovery time: 6.5 sec
2 5.20 1266 . 1 6.

3 Yes 5.96 1457 | max- alt. drop: 1514 ft

4 ¢ 12.65 3258 max. rocovery fime : 12.7 560
5 1239 | 3225 . 12,

6 12.19 3204 max. alt. drop: 3294 fi
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Table 6. Result of HQS pilot simulation of stall recovery characte-
ristic for the each loading configuration.

MPO/ . Recovery Alt.
No. APR Pilot | Recovery Timefsec] | Drop(ft)
1 Yes 4.97 1001
2 Yes 4.99 1080
3 Yes 4.81 1011
APR T.P
4 Yes 12.70 3023
5 Yes 12.37 2971
6 Yes 12.29 3058
1 Yes 5.01 1003
2 Yes 6.27 1373
3 Yes 4.67 980
MPO T.P
4 Yes 11.88 2834
5 Yes 11.61 2788
6 Yes 11.54 2880
1 Yes 13.39 3699
2 Yes 4.56 986
3 Yes 4.56 955
MPO Eng.
4 Yes 1143 2707
5 Yes 11.06 2656
6 L Yes 11.23 2801
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