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Abstract : Modern version of supersonic jet fighter aircraft must have been guaranteed appropriate controllability and stability in
HAoA(High Angle of Attack). 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 of
HAOA limiter, roll command limiter and rudder fader. The control laws of departure recovery suppott are consist of 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 inexpetrience of departure situation. Therefore, automatic deep stall recovery
system is necessary. The system called the “Automatic Pitch Rocker System” or APRS, provided a pilot initiated automatic
maneuver capable of an aircraft recoveries in situations of deep stall, speed and altitude. This paper addresses the design and
validation for APRS to recovery of an deep stall without manual pitch rocking by the pilot. Also, this system is designed to
recovery of speed, attitude and altitude after deep stall recovery using ATCS (Automatic Thrust Control System) and autopilot.
Finally, this system is verified by real-time pilot evaluation using HQS (Handling Quality Simulator).

Keywords : APRS (Automatic Pitch Rocker System), ATCS (Automatic Thrust Control System), MPO (Manual Pitch Override)
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Fig. 1. Flight test result of deep stall for the F10D1 with MPO.

BLI20 BL30
A4

92 3371 7494
Fig. 2. Aircraft loading configuration.

KOl - 22 - AAEES =2X M 15 &, ’Hl 2 & 2009. 2

slom, FH%E 24 ¥ & Ygo2 FFA ok o
A A& HBY 5 98 o2 BaUT
3. Bl Ol KA

a9 38 33719 455 2 N wggees 3
B3 Ade vehith 330} e A%l AARL
Bl AN $871E 5eH0E HEAAD, HE 5
o AAE GAOR L% P AEE HBAT)7] 9 Aol
WA A7l gasit. B E=RdNE A%55Ee 93

AoPHz & FF7NE ¥ 1x 2 £E2 FEAF]Y)
A Al="E 123te) APRSE HA STk

314532

Yk oz Z2FARE AFARNA vl Ao
UE AFA| o]Fo2 17159 HEdE & 4 9t} welA
ZFA] 7)F gEiA FFVE olgd AYse Ze
A& g 290 AT F v} o A4S A AP
A X3 AR F37) A& 3B g 23 2Es
7Hd 4 itk o]ul, APRSE o] &3l 2F5og & 2
< Fsl FFUNE d&oA FEAL & dgeE F
A BEg Folxu FF7)9] AL Y 4 Utk o
2 MPO 7158 A5o2 tiild 4= e A2HL 47
etk 9o AlzEle v oy e] oRFxo] HA 5L
on, ZFAPE A& AAFA FFL9XE FaE H|F
AF Aol N Asoz F37) MEF 53 X5 I
2|71 F(pitch rocking) HH-E LA A FF7NE HolA )
Bt

Y 4% A&IE Axdol P gAY T28
Uehdtt. 44 38 23 93 2=z e g dess

13 3. APRSE ©] &% ¥F7] A& 3 E FX}e] o3t A,
Fig. 3. Concept of deep stall recovery procedure with APRS.

Pitch Rate [ )
(deglsecy ™| ey
3 Abs
5+3

Lag Filter

1: s H |/—20 . !
F Note 13|50l A Open | v
H T §-30= MPO

H i GLimiter | IFNote13 and
i Notets | 10bl> 35 dps; Note 31
ain T T i LSE
Stall Condiifion E
Selector 1 {Qb] > 40 dps

Algerithm of APR CLAW Transient Preventer

= Note 13 : Upright dep. sensed = Note 16 : Inverted dep. sensed

1Y 4. AFAEHE v Ao Y T2
Fig. 4. Structure of automatic deep stall recovery control law.

=Note 21 : APR engagsd



Journal of Institute of Control, Robotics and Systems Vol.

L9919 27 3589,

Table 1. Recovery command and conditions of regions 1.

Recovery Cmd. Conditions
Case| pitch roll Hkf) y abs ()
(gs) |(deg/sec)
1| A0 H>13 |v>5° | abs(¢) <30°
2 | foly) H<13 |v>5° | abs(¢) > 30°
3 |no omd Kxé - v>5° |abs(¢) >30°
4 | f1(y) H>13 (y<5° |abs(¢) < f(H)
5 | £l H<13 |y<5° |abs(¢) = f(H)
6 |no cmd - ~<5° |abs(¢) = f(H)
, AHIES AT 2FHHC] 75T 2o vls
o B =7 HEE s, e NES JAEeEE
FEANA, F87] 71FE R S0 M A IE
’\lZl‘:}. AEAEIEA 2R ] P2E JXAGEE 9 A
& H(lag filter), F-¥F-o]5(amplitude gain), A< A4 A=

7)(stall condition selector), $=A7}&% A 37)(g-limiter) L
s 2o X 7)(transient response preventer) 2 A 57}
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15, No. 2, February 2009

3.2. KA,

_l__L2| 5

243

G777 Agolx BET Fo Fgrle de HFAR
ZYog Zgate|d(dive fligh)yS ot mebd 35719

FEAA L, 94 1=
gzl HAyE dasich 19 5

A= o]}\

o} ugeion HuY >
= =k

of FF71 A, &= B A=E FHEAT]Y] 9
oL UEITE A d TE3E B gH A,

B3z 9 &5 208 0|88t 2744 9
o
=
o

A=
BEe YAEE 2L
EEDE -
o GAdlE HEFPL
R

AAFA et

Sx)AAZko] -80° oAl 40° ol ¥
100 oA 35° ol B &7 200knoto] 3D AS-S

Ao i) FE
stact. o), ZW A
Ze AL gz 99 13 29

2g-ztol

s, ¥ 1 vgARZ g 0 wE #x) 2 & 35
WHS etk durdo s Ay S8y Fols e
o7} ol nigPoz Qsled &£%71 100knotso] IR A<
o} al, 4ldolx HEG Tl A HPHRACE
AeEe B3 S2E 5T 231 2FAR 337
7} 200knots 7§ o] £5E URE W, /FE A IE
2 A FEe sk uebd 3RS FF717F 200
knots 01*&«1 EE2 F&H 5, gzl gaso] Aoy
2 ZRo|A oS(departure) 2 IHEEA] e A

BN 2Asar) & @‘,oﬂ*ﬂ% SRR B8
B Fol 7)
Zo] B2 nwel wet Ae FE
. G707} 5=

de 1% &4

CEESAE]

/\/\o] 1;\:1—-

°1d<] Hlﬁﬁﬂizwi e %
A dart §7) dEel #
ANE BB F =S sk fﬂrﬁw

3

57 A3ggeL AAINAE

+ Region 1
- True ¥ ALL following conditions
2. 80 < 0 < 40 deg
b, 18« @< 35 dey
c. YCAS » 200 knots

7 Reygioh 2
- True ¥ ALL following concditions
a. 0 %80 deg
b. 18« @ <35 deg
©. YCAS » 200 knots

Hote 1

“ ! Pitch
. - D o Fo Rocovey
ro 4 - fm ) Cormmang’s}
G Crnd Limiter Pitch Lag Filter Hote 1
Region 1 ¢ ' Pou
* e 5 —kl'\'—> Recow
A ery
*.[b . " — | ——— Command
=[] T am S+3 ldegisec)
Pb Cmd Limiter "
Rofl Lag Filter
Pars_Hote 1 1
o -
o 1. . Delta PLA Crvd (deg)
R o !

¥ (deg)— Fon ()

KCAS (frots)

TS A, T B ST RS A HgAle EH T

Fig. S. Structure of attitude, altitude and speed recovery flight control law.

+ Hote 1: APR Control law engaged
- True if FCTP parameter is 92

o lg FRHPoR Fu
72



244

Zto] £30° olufe] A& Aol HA E E BYHS
FAlO AREERTL, £30° o]9je] g Beole &5 E FHE
BHE 0|83l EL4E AT 23 vy B 2]
5° ojslYd Afells B uhE HAsEHE Y A
718 4FAA AXIES ] FPFgorH 1% &4e
Ha3) YTk T3, 1= R 2AEYPE FoEA
3B mE 1= &4 vHIHT 4 32 ax9 E
Zof wE dAERF ¥ A7|E Jehddh A A
F& 10kt ol3fellAE EZbo] +90° ol W, 10kfio}
20kft AlojollMe A¥Hoz AAZYS|W, 20k oY
Agells £30° oY o HXHE-L AFFoEH Ix
&4E aEste] FF7I7E HHEA H8E £ YxE A
AgAt). 21X BFHL 4 (1) 2 @ Zo] vigF=
Zrof wet dASHE, 30° ojsle}l 2 AL HigHR
Zog 3 FY Aele T Vg V) dHE AL
o 1% £48 HAGIG T, HgF 2 7o) 40° o} 2
o] AeFY Brole -l5g 7Ivsd HHE 3 &3 §
B Al 2FAPE £9 FAVEES A 3E F YIRS
sk 183 Ut AAEE R 38 1mv)
1Bkt o]gee AT ¢ U= Pk AHAZE A 2
=7} 13kft 0|3} A ASole vlgARY 1052 5]
13kft o)ige] H@ 1-g % vlgg FAZ}h EF, 243
B Aol 8wt 13kt ol ¥ Atdlle ¥4 38 1
oA 1-g FRuPE FAG & FEHHRS YAs=
B -1652 BAFAT

A4 2& AXAAZo] 80k o]d), WEZGe] -10EA
35& ol ¥ £%7} 200knoto]l 4l A4S HoJE, IE
&4E ikt wWE JASE-S 98t Tgs9 V¢ &
7] HEoR FFNE BN

fily)=170 (y<-30°)
—023X v (—30° <v<0°)
~0.1% 5 (0° <y<5°)

1
~0.1X y=—20 {§° <y<10") >
—047X v—46{(10° <y<40°)

—-15 (y>40°)

f(0) =70 (y=<-30°)

=—02%X y+1.0 {(—30° <y<0")
=—01Xv+1.0 (0° <y<10") @
= —0.05X y+05{10° <y<40°)
=~15 (y>40°)

I

f(HY=90 {0 < H< 10000)
= —0.006 X H+150(10000 < H< 20000) (3)
= 30 (H> 20000)

3.3 HE3=

AAEE Foll AEFR £2E FASL AAHE Fo
orgEl &xw 3)H3lr] 93t ATCS (Automatic Thrust
Control System)E ©|&% £=IEAANE AT 4
@& VP2l e FES(target speed)E LHERATE
10° olate] WlgFzzow FFI7t wAFd Heole

Mot - 282 - MAHES =2X ® 15 &, M2 & 2008. 2

BY £5E8 280knots® 3tk oela wig gzl 10°
olatell Al 90° HlwholAE ER LTS 280knotsol 4] 300knots
Aol 2AZY 9Ty 2AEY 2 e A 9l AN
Hol e Agy) 2 AGHEE A HFHo2 1
g 5o AANE A Po] F¥ FE HW(delta PLA
command}& B33k LubFHoR W FHdME F
47 F49 ¥V B9 PR 8 AU FHE
AgEHA geh bebd 89 AXe gErle Ao
S(after burner)& AHESIX] e WA AT H
ZRo7 ¥ ZE WHL ZFALY FHAo)7|(throttle)
Byl ez AFH<] F4 BHEE FF7d M

fww(,y)zzgg (—90° <y<10°) @
=0.25x~y+2775 (10° <y<90°)
UL= 110~ PLA )
LL=19—PLA

L. ejgAol&ldA % Y7t

1. MEYgY 3 go ai M3

Alggd gL ¥ 29} o] 3% 35kft § 16kftel A v &
AYold Az dFsFen, A F4 (CG: Center of
Gravity)e] 9= 2§ ojg Aol 45% MAC (Mean Aero-
dynamic Chord), Hj® o]g Aol 41% MACE &t 27]
FE719) AeE A& AQNA. FF7] gL CAT
(Category) 1941 F11, CAT 20jA& F10 2 CAT 3 oA
£ F12 7l tisle] 718 sk 28 2004 EA
g g7 2dolA F11 42 1, 7TH $Jx]d] AIMYE 7
Zsta e FAolth FI0 B4 1, 74 $JX|o] AIMY, 4
W Ao 150Ibs AR IE AL Y= FAeltk FI2
PAL 1, 7R Yo AIM9, 43 9)x]o)] SUU20 ¥ 3, 5
W X)) 150ibs FEHIE AAT e Fdolth A
Ag vgAoge e ] FEoFE ERIH
A, 35kt FollM FE7|7h AL d&olA SEsh= &
A& Frisldok o] w, I 2 S HYgAEE @
Fe = dRAYo] RFAF MPOE ARESIY 35T
73$-9} APRSE AMg3te 3EE ZF9-E vlw BUEEch
4, 16kt Folr] A4 AYstd FE Fo FFIv}
AR AA, 1E B £EE JEY & U=SAE FI}
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Table 2. Test points and initial stall condition.

No. | Condition |Config, | 1 | A°A | VCAS | e
f) | (deg) | (knots) |(% MAC)
) F11 s42 | 106
2 | upright | Fl0 [3516] 612 | 104 | 45
3 F12 532 | 111
4 Fl1 65 | »
5 Inverted F10 |35/16, -64.0 99 41
6 F12 630 | 103




Journal of Institute of Control, Robotics and Systems Vol. 15, No. 2, February 2009 245

S3heieh
2. A% 2=SY Wi

A
£ HoXMe= HQSE o843l AAz %A s 4
Polo A&HE EAS AFIHYY WPHE A=
AESH8IATE AA, APRSE o] &3l Ador] 3=
Bt =4, 1S vEgAE FEo| Jde
7t MPOE AH83te] Algolx 3BE 79, Alsl, MPO 3
TEHE X813 v a7 vPAE I dAuY
7t MPOE AHE3te] Ao X 3|Rele A9z st o
AUAE A tdollA 83 ol vIFAIF b}
A @e dFEY 2EFAE A5 A¥sA 21 v
3] Wl HAEo] e MPOE o83 38 Zze 4X)
3R 7] wite] o3 FFHS metety] Yol B
7} 715 MPOE AMSsle] Adolln 3Eg = 7lx] AL
A g A Azt nEEHe J)FoF Eled APRSE
AE3AS A9 vlw EXFI
T 32 A7) 9ol gzt HAZ 24} g1 A
vebdth Zgeld AN wgAE 2FAE MPO
ol &3t HES Y Aol B AQEHE 3BEA
e 532z, A% S4L 1118.7f0]th 183 APRSE o)
&3t 38 Ao HF AQHE IEXE 4022
042 HA L85} X Yo7} MPOE o] &3le] 43)
P& AT, F10 & FI2o M= 38 Ajzko] A 225
o, Fll 3ol e 2zog Qo] widolgz A3
€ EAIR 0] HABIATh Wiwelg 2N HigAE =

i TR

Table 3. Result of real-time pilot evlaution of stall recovery

characteristic for the each loading configuration.

MPO/ . Recovery Alt.
No. Pilot | Recovery .

APRS Timefsec] | Drop(ft)
1 Yes 4.97 1001
2 Yes 4.99 1080
3 Yes 4.81 1011

APRS 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 11.43 2707
5 Yes 11.06 2656
6 Yes 11.23 2801
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Fig. 6. Result of real-time pilot evaluation for the upright deep
stall with MPO and APRS.
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