& 43719 9FAF $HHY LAY 28 Py

FAY, QA YR

4

o

Mission-Oriented Response Type and Control Surfaces Usage
Method for the Military Aircraft

Chong-Sup Kim*, In-Je Cho** and Byung-Moon Hwang***

ABSTRACT

Recently, the high performance aircraft that adopt the advanced digital control techniques
such as fly-by-wire flight control system is designed as the mission-oriented response type
in order to provide less workload for a pilot and to increase the mission-success rate. In
this paper, the mission-oriented response type and design guideline regulated in the
classified document MIL-STD-1797B are provided by reviewing the standards such as the
MIL-STD-1797A for piloted aircrafts and ADS-33E-PRF for rotor-crafts. And this paper also
identifies the response types and control surface usage of several operating military aircrafts
by analyzing the control laws of the upgraded UH-60M, T-50 Golden Eagle, F-16 Falcon,
F-22 Raptor, F-18E/F Super Hornet and F-35 JSF(Joint Strike Fighter). Finally, the response
type and control surface usage for the high performance military aircraft is proposed. The
results of this paper provide opportunities to perform the fighter experimental project well
and to increase the mission-success rate.
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2.1 MIL-HDBK-516C
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7] el 9loy, vl EAIF obd HA A
A 8 2 (Mission-Task-Elements, MTE)E 7]
g AFEAFE NI E 2 SHFEE AA
Qe AoF o o] Hu

¥ 1& MIL-HDBK-516C¢] ZZEA} % 7|5
%15 (Pilot-in-the-loop Oscillations, PIO)ell &t
oA 2 MIL-HDBK-516C2] ADS-33-PRF @ MIL-
STD-1797B9}e] A S RoFT),
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6.1.5.6 | Pilot-in-the-loop oscillations.
Verify that there are no

Criterion | pilot-in-the-loop-oscillations (PIO)
tendencies.

The air vehicle meets the standards
within MIL-STD-1797, 5.2.1.6
Pilot-in-the-loop oscillations.

Standard For rotorcraft, the air vehicle meets
standards within ADS-33-PRF, 3.1.16
Pilot-induced oscillations.

Verification methods include analysis,

Method of .test, dgmonstration, simulat‘ion, and

. inspection of process, requirements,
Compliance| ; ) .
design, test, and configuration
documentation.

2.2 MIL-STD-1797
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Non-Precision Tasks

Category B:

Climb (CL), Cruise
(CR), Loiter (LO) etc.

Precision Tasks

Category A :

Airtc-air combat (CO)
Ground Attack (GA) etc.
Category C :

Take-off (TO), Approach

’—‘—(:"A), Landing (1) etc ’—‘—‘

Category A

Category € Category B

MIL-STD-1797A11

Revised Revised Revised New
Category A Category C Category B Category D
Precise Precise Non-Precise Non-Precise
Aggressive Non- Non- Aggressive
Aggressive Aggressive
+ Tracking i + Rerial recovery (AR) g i (RC) « Gross Acquisition using
target(CO) + In-flight refueling s «In-fight refueling ~ loaded rell

 Ground attack(GA)

+ Weapon delvery and
launch (WD)

+ Terrain following

* "Herbst" turn

+ Precision aerobatics,
&g, § point rall, etc.

receiver (RR) tanker (RT) + Missile defense with
 Low altitude parachute  * VMC and IMC loaded roll

extraction (LAPES) loiter/cruise/climb/desce . High speed max g turn
+ Catapult takeoff (CT) + "Herbst" turn
+ Approach (PA) £0, 0B . iplk s, cmiue, \
Precich ; ammerhead turn, loop,
. z::"::::;:g(m S ";‘v:"“" takeoff (T0) barrel rol, snap roll, -

+ Wave-off/go-aroun

: d WO) . scissors, high and low
* Tactieal inal approach . Nonprecision landing () speed *yo-yor

MIL-STD-1797A[3] ¥ MIL-STD-1797B
(Proposed)[4] HI& A &7

MIL-STD-1797B(Proposed)?!

¥ 1.
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Aszs BAY FAHA 2%
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FAZH A o] H(control
dFHA LS EFeT. F,
amplitude)®] zFU4Ho] f3t= 7|FS Az}
i FER AFeE, Foixl dFE aRFHL
2 Fstr] A3 EAAHoFE FeF s|Folth
%, 92 Z A79 7§ 875 &F DY
AFFHA A FE FA Aotk ozl
MIL-STD-1797A° A& BF4 F%d M2 &
F=2, 71€9] Alojg a7 = By ojyg, 2
M Zre] EzFel gk w2 7] (attitude quickness)
EE DA (agility)oll 3 87 =5 EFH3H
o]9} ©Eo], MIL-STD-1797Boll A& ATdH

of gt AYY 7 =& Hd XE(bode
plot) &} 22 F4 d9e EAHo| He STHAT
& AHosta Aot AIHoE, /M 2 SH
FEL AT =& YFAA L Y3l A4
o ddie gxE uPA A2 S Qs
A= FE7le dFFAA o we =FAE FAa
HPEALN S 225 T F8& AFsta Jo+

2.3 ADS-33E-PRF
¥ 25 ADS-33E-PRF[5]°l AAHo] A= A
o g3F7)2 4714 EFo B §g dFIAA L
& ¥ aTFEHeE UHEA AEE et JdF
t 543 AdFAA F3e Y &3]
o] FHo| rlxsiH, AU FA4H SHANA
O 7Es 3835t fste AAgE S o
g gz2A Fosta ok AATFREZS AA

7t 283 FRE 2 Aday)S VIELE F
GVE(Good Visual Environment) ¥ ©FZ}(night)
olu} 93, Sl To= sl 7hAIA (visibility)©l
AstE = 84S 7IEoE 3 DVE 9 A
Hlgi4EQl  IMC(Instrument  Meteorological
Conditions)Z &8t ZFAVL o8& 753
AA AAAD SAes =2FAH BY Aok
(out-the-window views) %+ o}, ZFA 9]
HUD((Head-Up  Display), HDD(Head-Down
Display) ¥ 7#17](gauges) &°] Z3H AlZF
A Wy AHAA BAN dH S,
AN BEVE a7 H e 8ddME SRS A
2=, s Al BAA RS2 dFE T
P37 Y E ZFFH(workload)o] F71H 2
2 371 Ave Aot old 4=,
HUD?| HAE £& 455 S F ok AsH
€ $5 A7} F-gHolZ t2~Zd o](moving-
tape display)®} Wl st ZFAE ¢Ja 3 A s}
7l dge F= Aok wEbA HPAES dEd
AA Y&} T =Zgo] AA N Abo]o] oA}
2% WHoZF, ADS33EPRFAIA+=  VCR
(Visual Cue Rating) 71&<& vldsS T

3£ 2. ADS-33E-PRF Mission-Task-Elements

Mission-Task- Rotorcraft Category

Required
Element Agili
(MTEs) gility | Attack | Scout | Utility | Cargo
Tasks in GVE
Hover Limited \ v v N
Lateral Reposition| Moderate N N
Sidestep Aggressive N \
Target
Turn to Target Acquisition N RN
& Tracking
Tasks in DVE
Hover Limited N v N

< <

Limited N

Lateral Reposition

Tasks in IMC
ILS Approach

% GVE : Good Visual Environment, typically clear
daylight with adequate visual cues

DVE : Degraded Visual Environment to be

defined by

typically night with some form of visual

system specification, but

aid such as night vision goggles
IMC : Instrument Meteorological Conditions
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d-FA el 7k SEHFH S 2FAY =T
FHE AEANA 2T FoI dFE HEA
o7 gFdted =S ok A e
HPA NN = AAE T3 g STEFI
<= A 5 glojof ok 19 29 32 =Tz
o Adddel gk 3] 5l nAge a7l
SEHAES Uepdt BHdoR FEFILS A
A Z}(attitude), W& (rate), &% (airspeed) L 7}
4 S (acceleration) 522 F&3t] AFold 4 9l
=

.H]

FA A 2H &
7ole FHo2ZE IXZLEE(pitch rate), T3

AHeskar =

2Ae g

7} E(normal acceleration) % #5-Z}(angle-of-

attack), FS 2=

Z¥E 3= 7l&E(lateral acceleration) ¥ & H

)]
Yaw
tmd ©

de
(deg) o
(+)

Sideslip
(deg) ©

)

—

Roll

E74 5(roll rate), HFFHS

[Time]

Cmd
(deg)

Sideslip

- Cmd
[Timel  (deg)

AoA

(deg)
atgeTradang 09 [ e

) i
Yaw / \: Yaw Pitch
Rate 0 Rate N Rate
(dps) (dps) (dps)
¢ Rate Tracking Acceleration Tracking
(
Roll d k Roll / Np
Rate Rate @)
(dps) (dps)
©)
)|
Roll Roll Pitch _4
Angle © Angle Att.
deg) | (deg) (deg)
[Att. Command(p)] [Rate Command(Ps)]  [Acceleration Command(G's)]
5) 32 o [
ag 2. 349 FF71Y SEHI

)
Pitch

Pitch

tmd 0
(d
(deg) o

()]
Pitch

= Cmd
[Time] (dTg)

Heading Pitch

Att. 0
(deg) i

pitch ]

Att.
(deg)

Pitch

Rate 0
(dps)

()

Pos. ¢

Rate
Rate Tracking  (dPs)

X
Pos.

(m)
)

()

(m)

u
(m/s)

v
(m/s) ©
e

[Att. Command, ACAH]

(m/s)

L

Velocity Tracking

[Rate Command, RCDH] [Velocity Command, TRC]

a4 3. 3AdY F7e] SHAE
ZA5H Y FZEF fr(aerial refueling)e} 2o 3
714 (gradual)©] L, A& (accurate)3tr, A
(precision)& ZHAl A 540l a7HE dF
Aol AEH, FHAMEE I FES IUHF
AF715% 2 2 <
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< AFsH] A A SF(body axis)®] {974
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AnkARl Z)A A o] B FFrle] Aol

Austn Qo d
& Agsta g Ao
ACAH(Attitude Command/ Attitude Hold),
RCDH(Rate =~ Command/Direction  [Heading]
Hold), TRC(Translation Rate Command) %
PH(Position Hold) 59 €% #3& A3tz
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MIL-STD-1797A A A Agta A= P A
2 F(large) ¥ Zr2(small) JHoll thgt 27}
A BH7F Aok Ze d=€e g dAAV|E

HFx 2FAY o3 FF71e IH
3 VR, FFEOEE HFREO AHY
EE AES AAG AlolE A% CAP,
2 Neal-Smith 5°] oM, IAZF=0Z =
A ’¢47(time constant) °] SUth Il
Hol thgk AA7ES 7N FZ(open-loop) &
Holl gk F37le] SHEA U 7Ee
202+ A SHF IS (limit load factor)E
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1
X 2 10 N

=]
%—(quasi-open—loop operatlon) o] =3}

dHAFA =M+

o 3 2719

S & Ar)e T

1
ARz wdahs

§7]

=7 (pull- up) w715 Y

7](push-over) &°| lom, A=

£ 549

A Zk(time to roll):% 37}
o] 9t} MIL-STD-1797A°

o
AU W
Aelsl geiol

1—5% u,\"%

77t 271l He} B o @

FH3 &4
oE =34

ik
<y Hu
o

FE717F dety we] Ad3jsteAE ddsts Al
olelz} 2EATL dvh A AZe BAA
7+ G52 F dsAd I g Fo] FA
s7aY SHE AN =gate A0S
Brtete 71 AMEE AAZe i —’_F%Sl
QA glo] Bedl BAAZLE W B = 9
= Ao E AT F3F A719 f4Y {%ﬂ
= NFZ 71E0] i 712 ADS-33E-PRFOIA
&= AAstaL glen, g7 DA i H
AT EofZ MIL-STD-1797Bol = 7]1&0] A A5
o] & Aozt AdtET
P Zol| wE vPAd BrH7]F[3-5]
Maneuver
11 Moderat
P Sma oderate Large
. Continuous | Quasi-Open-Loop | Open-Loop
Piloted .
Operation Closed-Loop Pursuit Control
P Control ("Agility")
Short-Period | Attitude Control Power
Damping & | Quickness Time to Bank
Frequency
CAP ADS-33E-PRF
Section 3.3.3
Rf)n Mode Moderate-amplitud
Time e pitch(roll)
Constant attitude
Dutch-Roll changes(attitude
Flying Damping & | quickness)
s Frequency
nghtl.es p ~ The required
Criteria | Spiral itude ch
Stability attitude changes
: shall be made as
Ba'ndv'wdth rapidly as possible
Criteria from one steady
Neal-Smith attitude to another
Criteria without significant
reversals in the
sign of the
cockpit control
input relative to
the trim position

V. ZHEEALE|

51 1n¥@e 37|

7
5.1.1 T-50 Golden Eagle/F-16 Falcon
O3 4= T-50 2 F-16 AE719 45 YE
Wm, F AW 31 9 (horizontal tails), T

do] #t(rudder) ¥ F#| ¥ E(flaperon) S & F
sy, SHAFS WFEHS Adstn FLE
WS sty ok ® 45 T-503% F-162 3
% SHAE E Aojd &S et
TFo SHEHFIES Hh‘fﬁ?_r] R AUp &
2~

Away, UA)olA = F27MER0a, HfdA] &
 C(Power Approach, PA)X = AEg ZA
AE AT JAGE=0Iv6]. T Ao 9
FFIZ A& AAREE &3] dHHSE Y
A4 g FERTME ROt o7 A, A&
A G371 549 Zvl(damping ratio)E
FE 9%¢& sta, FAVMSEE AEe
5T (natural frequency)E F7HA71= 9
ot aga FAVMEE A8 FASA
AZ]7V\C7P obd 7H&E=A XA
A7MEERA, olE A A7IE FA FAH
FE7HEE El -’41]7—}7}3?5% AL A7l= 23
7t omA @7l EAY 1f st
2R m5E AT, WRFZA Y-
Aol Ee A sHErde] F57d HHS F
S®ZH FF9 IS WA Bx AoH
(secondary control surfaces)?! 7 E 3 (leading
edge flap)@ HAERL <, H3HF, 49
g g8 5485 AFEr] 9l &=, st 9
t o

o
>
X

et Rl ol
32 tlo Jo

)

it

ul

e EAdEEEHA, 233 3
of w#HEd EWH J]&7|(@oll command
gradient)oll ol3] EZ&E Ao HHFS YA I
7. AE AHHES v SHHEHL F
Hrjeje] FEI7 WIBESE FoEA, FF7]Y
E44EEE YNNI, oljd), ZdHE] H
Feste B WMAE EHANA FET7F £ F
A3 (turn coordination)E & + JEF 3t} I
719 olg@(departure) ¥ E7]5l 9g A
A&} roll coupling)S WAsH7] 95k, HM
E44E5EE T (dynamic pressure), T WH,
FA7MEE g9 wkgZbd o AdEn. 5 A
oA e A WHEes ERE AT EE HF
tAG Lps S4A17171 A8t 4 S (stability
& A8 o, F37I7 A

axis) EA4EEE
% & vlEE(wind axis)oll Hi3td E7]5&
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Control Surfaces
Axis | Config. R‘;f?g'e‘se yoedback Roll-Yaw Pitch ;
oRS oFA OoHA |OLEFS| OoFS oHS oSB
PA Q Q - - - Sched | Sched v -
Pitch UA Nn Nn, Q Sched | Sched v -
. . ¢ LEF scheduled by MACH and Angle of Attack
Automatic Nn and Limiting * TEF Scheduled byy Airspeed or MiCH
All Ps Ps, Rs, Ps* VN T -]
¢ Roll Control Accomplished by Asymmetric TEF and Elevator
B | Aot ot Rate Comman Limiing |, 5% xotee e ok Petion Sonht e
Interconnection)
, Ps, ¢, Bdot
Yaw Al Alz/* ﬁAy*, I(’ps*BRs v
Automatic Sideslip Command Limiting
SB S R N N A

rlo
oot
ok
N

37 el =W, FHu A Ao wezt
7 81%¢ @Ol we dringzos
s ke dAABA ol WS wEelth
PEe Aol Wslel vt F6e 3%
HEE, TH0e GVInRL Y-S AgTTh
ApHoE FFINM GelnHzt FuE 9
95T + §7) wEel, 2719 A Bl
9% Jf&ws BIsdoz Adanc L)
n¥7 AAE FAA Gringae 53 4
ol Arindz $9RYL nuHo
Hge Hu Aok APPHAN BHE %
ogHe nwrgelA olgdRL B

l

st7] fste] EAEHEe] S wet A7)0 2
2 Ao W&
(dutch roll mode)9]
FA7171 e 24
7z 8l dungs A&

5.1.2 F-22 Raptor

a4 5+ 282 Ass ZE dAsste AF
71 Soll A 79 F22 "E719 g4S e
Witk F22& % 7154 e 9@ 2 A9
A (Thrust Vectoring, TV) 715 &3}

A len, F Ao F3n e, FA B2
o] 2y, Zd¥E % ooy g, Bz Aojd
AHEY 9 AHERWS &8st vk % 58
F-220] 3% S9f/E 9 Aoid &8& WYL u
R TH8-12]. A&t A= sNEA &ol, sh
o2 SHAFE B AoH &8 7
o

19 5. F-22 Raptor



3 5. F-22 SHFd 9 AloH &8112[8-12]
Control Surfaces
q Flight 5
Axis Condition Response Type Roll-Yaw Pitch
ORS | OFA | 0AA |0HA [SLEFS| FS | 0AS | 6HS [0RA [ 6TV
V>275 Nn - | - | - | - |SchedSched| - | ¥ | - | V
225<V<275 Blend 8FS & OJLEFS : Followed performance schedule set by
Pitch aerodynamics group
V<225 Q Symmetric Horizontal Tails and Thrust Vectoring
command scheduled by Angle-of-Attack and Airspeed
a<28° Ps NN NN -]
28°<x<32° Blend NN NN -]
Ps
32°sa<40° | If rstick > 83%, - - - N - ; .
convert to Rb
Roll 1™ 400 <as50° Blend JA R N ARV R B B
o>50° Rb - - - ~ . ; .
The aircraft's unique aerodynamics allowed differential
horizontal tail to be used for both rolling and roll
coordination at mid and high angles of attack
o<26° B S - - - - - - - -
26°<a<28° Blend v - - N ; : ] i
28°<a<50° Baot N ]
o>50° Rb - - - y - - - - -
Yaw Exact flight condition such as Yaw control : V-tails with rudders + Asymmetric H-tails
Angle of attack and airspeed can't - o > 25, rudder effectiveness decreases
find in any published document - Some high , aileron and flaperon effectiveness
decreases
At high H-tails play a key role because TV frees its
traditional functions
AR RN
Both rudders deflected outward, both ailerons up. both
SB Limited Operational Flight Envelope flaps down, with a slight leading edge flap deflection

In landing configuration, rudders deflected outward is
only use[¥]
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LATERAL STABILITY DIRECTIONAL STABILITY

NO LEF 'I
cip £

-~ 1ldeg - 1ideg v
NO LEF §
0000 3
LEF
SCHEDULED
0 10 20 30 40 10 0 10 20 30 40
ANGLE OF ATTACK (deg) ANGLE OF ATTACK (deg)
3T == [e} = & =
O 6 SAZH ~AESHS 53 F-22 -k

= AAA FH[10]

ZEF P ngt 2ASY Hoh 2274 285
olsldl e MBS EXAEE WHo|, 3R2E4 4
405 57k Aol #HE 2FT "ol 83%7t
oA H FAFY 89455 SHAISE A
Stejm, g7t 50% oA E FASY 2%
Zteg Loy ow s HIHAT)

s SHRYE2 dvjnygd, Evingz
& 4 FAF9 89AEEE 2AEE 5y
Abg3th, Wre 7k 265 olsloAlE Fu|1iyzt
SHAE L, 285004 50% Aol E dw 11
Zr a4 SEHREE, 505 olAdAE =3
FAA sAFY 8- EE FEHTES AH
St Utk 1g HIPF LA E 2y #HE HH o)
2 gE R AAESE VAN, & 73
7t E(evaluated g)ollAle HAF Z2FIF HH
FAESE 7MY 35 AoE g Aojde
HtA oo 8, FUHE 9 FHIIS AE
stH, AeAn el iy 2o Hele A w7
oA WFE Aoje} FFU AFASNE A3
AHgET shARE BlE e Ede WE7to] 5%
ooz FUistHA 43 FgadEt. a3
dojg] &3 ZHHEL EF= W7o Fr1g
of wet ZAiEo adgddAsE AY BEIHE

WA 2@k giebd 25% o] ezt wa
defol N WoA Fuviele] WeE E/5%
FRMso] FEAT o9 tuol, vhY 3
slele] WglE Wezte AulnYZt Aole] &5
42l AA B F(dynamic coupling effect) & <l
g FFHOEo] Wik(divergence)s WA
a AddET. webd ZE BPFHoA FHn
ol T5 B il +4dde e
FHERS O F2 =3 7F HS EF
=234E FIN=F ANE HHs e
o ARSET dHEHES AR 3%, olHE 0=
7hA o] 9] Well A wlddeol et Ao s
g "o olek gEo], 11 694 HE= np
o} Zol, F-22+ W&ol Sl wel s

3 o)
3, g AojEaS 8oz H TS 7ol A
7] 4 (maneuverability) & 2R3} Th.

227 U S A BE AojHe =F
2 ¥dHEe =ZyAAH £ E A& T
83U UA REAXME £EATS A

W 23l FI8E/FO /M frabstal, o
= B =

I

s
i

gae ot
HRE 9 WPo R o] g9
Hagsidg. #5998 83
REAE #H o] vty WS o]
gkl S=AFS obvl, Srie] s W
FHE vzt Qloh A5G FAedA =
axel AAM S R YE] 3=d T3
ARE EEAF Json FEIA gt
aY SEAE 71 AAT dAEsFde
M8 w7 it

off it X 2 o [o

ofy
il

Jo

5.1.3 F-18E/F Super Hornet

¥ 7& F18 E/F AE7]E Yehdt. F-18
E/F AE71= 3ve, FA Zeve 39,
ZHHE, ooy &, 2EY(spoiler), AHEH
9 LEX(Leading Edge eXtension) &< Aloj¥H&
Zgta e IS ARV Tl M B2
AoiH-e BFsta Uth F 62> F-18E/F9| 3%

SHEHRE B F AlojHe &84S vt
[13-15].

THAAME 2F3AY 230 W g &
= 949 met SEHFEe st st
Aot FAVNEE, YA AEE 2D w7t F
7] FHARE A% wop T AoHH S U
FRuele] FErld ALFoIN FHF TFL
WAAZIT UA REOAY L363e w49

FHMEE WY

Y(high airspeeds)°l Al
command), %% Y (medium airspeeds)l A
FANEES} A TGEES T HHS

)
1

rr

719 7. F-18E/F Super Hornet
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6. F-18E/F $H&3%

5 AojH &

£192][13-14]

Axis | Config.

Flight
Condition

Response
Type

Control Surfaces

Feedback

Roll-Yaw

Pitch

Variables

ORS

oFA

0AA

oHA

OLEFA|

OLEFS

oFS

0AS

o6HS

oRA

PA

All

o

o Q

Sched

Sched

Sched

UA

High Speed

Nn

Med. Speed

Hybrid
(Nn or Q)

Low Speed

o

Sched

Sched

Sched

Nn, Q, a

Sched

Sched

Sched

Sched

Sched

Sched

< | 2 | 2| =

Pitch

OFS and OLEFS : Followed performance schedule
In UA, OFS, SLEFS and 0AS are scheduled as a function of AOA and air data to optimize cruise and turn
performance, to improve high AOA characteristics, and to provide load alleviation.
In PA, O0LEFS are scheduled as a function of AOA to maximize lift. 6FS are scheduled as a function of
airspeed for load alleviation
ORA : Toe-in {=func(AoA)} improve longitudinal Stability by rudder toe-in during T/O in PA meode. Also,
At low airspeed, with large forward stick inputs, Pitch control law augments nose-down pitch rates by
flaring the rudders and raising the spoilers in UA mode.

set by aerodynamics group

PA

UA

All

Ps

\/

\/

\/

Ps

\/

\/

\/

\/

\/

Roll

OLEFs and 0FA are only used in UA. The SLEFs deflect differentially up to 5° when below 25,000 feet
and above Mach 0.6. Differential TEFs are not used above 10° AOA or below -5° AOA.
At high airspeeds, 0AA, dEA and SFA travel are reduced to provide consistent roll rate response and to aid
in preventing structural loads exceedances.
At low airspeeds, 6FA and SEA travel are reduced with increasing AOA to minimize adverse yaw.
OEA may also be limited due to pitch commands which have priority over lateral commands.

PA

All

Ay

Ay, Bdot

\/

UA

Yaw

High Speed

Ay

Ay, Rs

a<l13°

Ay

13°<a<25°

Blend

o>25°

Ps

Ay, Rs, B,

\/
\/
\/

\/

\/

Bdot

\/

\/

Below 13° AOA, rudder pedal deflections provide yaw by symmetric rudder deflection.
Between 13° and 25° AOA, rudder pedal deflection gradually changes from pure yaw control to pure roll
control. This method of control provides enhanced departure resistance at high AOA
At 25° AOA and above, rudder pedal deflections no longer provide yaw control inputs but instead act

entirely as a roll controller by commanding 6AA and OEA with the RSRI commanding the required rudder
deflection for roll coordination.
ORS is reduced, toe-in to avoid exceeding vertical tail structural limits in high speed
In PA mode, synthesized sideslip rate feedback augments aerodynamic directional damping and stability.

PA

\/

SB
UA

Subsonic

\/

\/

\/

\/

Supersonic

\/

\/

\/

\/

The speedbrake function is ramped out above 16 AOA
or -9 AOA to preserve lateral-directional stability and
between -3.0g to -1.5g for airframe loads
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WEZte] rr Aoz dHEHS 2

g 3o ZUHELS 54 2 (load allev1at10n)
el =l tF FrE 2AESH 37‘]

F AT SxodAs Ho "R 2AE

L aYar Oy 8ollA B ukel o] oF% %%‘3
2AE AEFZo A Y EE

2 1o U 24 go v 2

SRR 3SR

=071 S8l Bt AlojHol= ¥
Hef uithy WHef, oo g, EdHE 2 2xd
g7t e, Aojde 23 8IFY H WY
PGl wet 2AESE Hol Uk UA REojA
o}&4;(subsonic) Bl FHo|A 2] AloJH A=
B A2 OE3 2o FEe AGA77] H8
HHE wpEFdos st WA WY YAt
i, dlojE &9 ‘ﬂH EHféloi g“}ﬂoi 2

HL Folzl m
H 5 EH"* BrE AH&stH, AT 5%
ZZHso 2 A= AoE 3o Ao u
A, F-BFS AoEHe] £EAF HHEG
A9 (priority) & 7HA =S AAS AT =
&% (supersonic) | A= ob&F T E WAo=
ool 2AEY Atk M1.05 ol dolAxe 3
reje] sk5 F7FE ldl 2HE &£=AlF Al
Mo AREshA] @t 1Al M1 o]l A
dojz & FHHES =T E I (control
effectiveness) F-F0 2 &S AT AoJHOE Af
A et meA 2ed YoM =xd
He FdsHA =TEAE 7H Alod

SAE Xﬂﬂﬁoi AbgET. T
&< fEA HFEAT Vee F-0EFS A
4 BAT %OH we7te] 16% o] ¥ 9%
ojgtoll A AMEEEA] ¥om, 7])A8}F(airframe
loads) -3gol A -15g WoAWA ALEEHA A=
F A5o=2 FA(ramp out) ATt T3 £E
AE 715 AHgez Qe TAsE 5o A
o] gHEHe FHU S LI (offset) MNA FHA3}
ot PA REoAE SEAF 75S ARESHA
rom, AFHA  dEHI(Weight On  Wheel,
WOW)oll A= 2xdeE o] &dte] H=ATE
shAIRh, 2xde Wl oE &Y FVke F2
Ao 2 dHA Utk

é

rr

o

&O

5.1.4 F-35 JSF(Joint Strike Fighter)

19 9= F35A AF7IE YEhdTh F35A«
FHu e, AA Y Hy 3 &
F Alojh oz ARgsta glon, SHEH B
Z‘i%"fﬂ% Bz Aojuos &gt o &
& F-35A9 e9#% ® 5 A4 &89
UeldAtH16-19]. F-35A€ HAE 537 =d
kA o (Nonlinear Dynamic Inversion control,
NDI)¢} Aloj® &F(control allocation) H2<
Agste], AojFxE sk, AoHE &8
Ho g Fgste 359 AA¥HEe FHFoEN
718 FREAH. 0|27t Ao FxE T
ged wrk oty Aoy MAFxE ¥
BAZ17] &3 qdd SHAEe & o=
et A8 F Ue olFol A mdYH
g Alo] B 35o® EEHo] FyHcs A

M iy
P
o

3 mlo N w0

18 1>

AErh olE @ Ao Aoy I darg
T3 FHst] AoHe E&HoR F8 T
ojdol sltt. o|s} B Eo], F-35A, B Bl Co| Z
7l g& HAe dgrld 4T ATEE A
SFOEA, 77| ARl dis) FUI
WAL ZIE B = JSF ZZ2 W] FHAH =3

(commonality objectives)& T T 9}5% s}
FATH30]. F-22¢} mlxb7kA| & F-35& A9 30
7b AgE 0]7] WZoll, & ZEdAMe gr b
=T T /Mes SHAE 9 AW &&

MEdE dgxoz Aelsf mkn

F35t 349 AR F-220 fAE FFEe
F37] HFEE FHE vk FFoEE B
¢4 (unstable) &t™, JZO0 Z= SHA(stable), W
o= FUZ A (neutrally stable) E4S
VERdTE & A ATH20]

TZY SHEHREL ALKdAMe AANGEEE
AHEEaL, &YYo E FANEEE A9

]

3tk oY FEEY WE BAAA T3

% 9. F-35A JSF(Joint Strike Fighter)
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£ 7. F-35A S9#38 9 Alod S812[16-20]
-, R e Control Surfaces
Axis | ool eTsl;ggse Variables Roll-Yaw Pitch
oRS oFA OHA | oLEFS | oFS oHS ORA
Low speed Q - - - Sched | Sched \/ -
Pitch High Speed No Nn, Q... ¢ OFS & 6‘LEFS : Followed performance schedule set by
aerodynamics group
«<20° \ ‘ \ (FAHA¥)
Roll [20°sa<25° Ps Ps, Blend
>25° R
a<20° B \/ \/ (FAHAY¥)
20°<a<25° Blend B, pdot, Blend
Rb Rs or Rb,...
YVaw a>25° | (f lgrge pedal N N N
input)
Exact Feedback |* [*] FA and HA are ganged (treated as a single effector) at
variables can't high speeds for structural load consideration
find in published|* In Low Speed, Roll-Yaw control by RS, HA and FA based
document on control allocation
NN I N N B
SB Limited Operational Flight Envelope e Performance schedule set by aerodynamics group in UA
Model
AojE I A3 Ag Hre A4S £ FHoE LI olHT AojHe] FEA S
Roy, T-500 ALd Ad 7wre] md g3t 2 F355 aHt2ZoA 7]EAo] grE ZHo=x
Ao bl BH, #A7MEE, JX4E&EE 9 o Fo] "
W57 5o FHARE AF wE Aor o F-35 M%7 F-18E/F % F-229} 5U3 2
goh 29 $HEHFFELS AAFY EA4EEE 2E AW x¥E FIA A4S HeE 245
Apgeta, WIS SHEHAES WEZd wEk o UA REdA HRAlEe AT Aojd =
SrlnEZd =e= sAFe] 294E5EE A9t AL ZHvER dAEHe FE&IH. =4
I Ak EFZbo] 20% oldtellM e FrlniHzE  HELS FHE Bol BAANZL F J=F of
& SHAES A8, 255 oA B Fom FeHA stH, dHEHLS FHY IUHE
o #HE geo] I 3 oFerw & Aedde tia WAL £ ARF AZUFeR gzt
FAZ0E 2974E SUsYPo WMol B (slightly) MYE F= WAOE AojWe 2@
o ole, A WEFHoE wME §HE ASE Oqdn. dHF SEAT EIYS
grstr] ffal =FAe By HE "R 271 I7HE Hbb fled, F-18 E/FolA R uieh &
o @l $HFFLS 2AEE & Zo=E Add o], - WFF| Y H Fs 1313}04 d
ok FogEo) Aojw Zae W7t B BYdoM £EAlF 75S AFEIA &S e
FS%(dynamic pressure)ol] wel 2l ALEE 3 2 FITE F35A9 & Z‘QX}/\‘l(operatlonal
3 Utk w2 Zbe] 20% o]t HIGPHA A= manual)ol] st ZFF L 8 PACA
Htd Sd9 e 37 S Zad RlegE 4 & £EAF 7sS ARSSHA ¥ Ao 4y
oA EA4LEEE TAATIL, HHe] diAES A Ao A9 IDLE F¥o] FF oz o
£ &8st WESH AoE S ol & 2 %Eﬂlﬂ F-35A¢] 5474, PA 3lA L&A
Gl Feolu Aojdd 7t A= sk = F Vlee AREE F gl o2 Qlste], <A1
BT AT AT BHOE THAAS oleh  ng Aol BLE A FEAMHol olE e wel
2o oz Aojug £43tx Yk 5% o] A 2FAUL A MY AFeHE  SFO
el A7 M mdgEg Aoj=F (Simulated Flameout) &#Ho Fd& FAGL
H A EHE 7P(virtual)®] B-43FS AojHwy lom, FMS(Full Mission Simulator) 27 ol A
2 Aoy ¥ WO Age] WY B SFO FULS FAREE sx Yok
NE, gue A L R FRue
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9]

(angular rate) =+ % < E(vertical speed)
FTohe WE & <

He Azdel A Ashs X

71 98 23/ 233e ASHoR Hds
slok 57 WEel, YF5A A = z7
AR 53], AAZE SRR b wd) gl
Aol AAE wlg A, 2FAY 2F 2y F
7he Bl AR olojx A=, A 8 9
Fos8e AstAE = o ol#Ed EAHe
sAdsta, A B mAde nas) s A
ool Eel, "= AZ27AH= UH-60M 22
FE AFAR R Crd RGPS AU vl
A oj A =718 RASCAL(Rotorcraft
Systems Concepts Airborne Laboratory) JUH-
60A FF 2o AE7](In-Flight Simulator, IFS)°ll
Agstel Wrhe v AT AT AYe HE
Aoz sae) G371 Aol EA FAMY

Sl

19 10. RASCAL JUH-60A
Fly-By-Wire

Before

@

Aircrew

After

Key Components

Active Conventional Flight h

A
Controflers
=

I3 11. UH-60M ©tRg B A o)A 28 7k
Ard e F2 WA AFEH21]

Control
Computer

“ Main Rotor Servo Actuator
. and Tail Rotor Actuator

ADS-33E-PRFE Z &3} AExgo] &
= 483 EFHA ML Aotk B A
UH-60M R FE MIFAGAA Hed L7
& 2ABIA

13 107 112 RASCAL JUH-60A FF R
ANE719 A3 UH-60M TiAE B3| o] Al 2
g A e o W4 ARRES YERATE g
I E 45 B AYAdA AgE SERES JUE

=y

Hover and Near Hover (<5 kis blended speed)

5 kts o]ste] £HE=FHA AR BY LA
Aes 5 92 359 SHAFES ACHH
(Attitude Command/Hover Hold) °©]™, ZFAk
9] Aol &= ZF XM (cyclic inceptor) YHe| =]
of mlElste] AeFE e AAAES TP,
WekE 2 2+ HRDH(Heading Rate Command/
Direction Hold)®] S®+3% A&t Aedl, =
A HEd ol ohal] W W 3kE(heading
rate) & HHA R WAHAIT. T FHE
(heave axis)®] SHFFL  Vs/AH(Vertical
speed Command/Altitude Hold)E 2 -83tH <
™, AYE H (collective)2] Z7]oll we} ¥ 2o

T2 F9] 4 (vertical speed)E LAY AIZITE
T3k 9 AdEHY gyo] gle Afoles @
El= 7r<i(decelerates) ol =5 “0"S0 2

, MEE $1 A (position), FaFZ B o]

&3 3}t

oCE
a—=

= RO RN

fu frl e ofy

k1]
2 zHstm Y £
&

Ao FA Bk

Low Speed (5 kts - 50 kts blended speed)
5 kts ©]/FellAl 50 kts ©]3te] A &GN A =
Hge meg EEAA AgEE A ¥ &=
IHlM F5 5 FFH9 SHFILS AACVH
(Attitude and Acceleration Command/ Velocity
Hold)2 Ato]&Y ZFIF dgo] ar]o nigst
of AelFEe] AAA HHe YNNG =F
AZE Ael2 e T AR oled Aeol A
B &5 7EE EF8AL ol FATH. e,
ZFTAE Aol 28 e T HAACA LA %
B AKHOR FAD AF, 5 H FF9 S
A2 AAG BHAA TSR BHe

Apol 2ol fA] ol wlH .

FEFEE vl w2t 27kA &9 RE=R
T4Ee 9k 20 kts ©ldtelA=  HRHH
(Heading Rate command/Heading Hold)2] -§&
GHFOR Ao 2ol FYAA A AL A5
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8. UH-60M Aol A Agte S3-53[21]

Cf;ll:;giltliton Axis Response Type
Pitch Attitude Command/Hover Hold (ACHH)
Hover and Roll Attitude Command/Hover Hold (ACHH)
Near Hover - -
(<5 kts) Yaw Heading Rate Command/Heading Hold (HRHH)
Heave Vertical speed command/Altitude Hold (Vs/AH)
Pitch Attitude and Acceleration Command/Velocity Hold (AACVH)
Roll <20 kts | Attitude and Acceleration Command/Velocity Hold (AACVH)
>20 kts | Attitude Command/zero inertial side-slip hold
Yaw <20 kts | Heading Rate Command/Heading Hold (HRHH)
>20 kts | Inertial side slip command/zero inertial side-slip hold
Low Speed Heave Vertical speed command/Altitude Hold (Vs/AH)
(5kts ~50kts)
e If the commanded aircraft side-slip exceeds a predetermined threshold, the
low speed turn coordination sub-mode is shut off, and the system reverts to
- heading rate command/heading hold mode.
* Once the collective is stationary, outside of the level flight detent, a flight
path angle reference is acquired and flight path hold algorithm is engaged
Pitch Attitude and Acceleration Command/Velocity Hold (AACVH)
Roll Attitude Command/Attitude Hold (ACAH)
Forward Flight Yaw High Speed Turn Coordination (with pedals centered )
(>50kts) Heave Same as the Low Speed Mode
) e A passive side-slip envelope protection is also provided which limits
commanded side-slip as a function of blended speed

rr

WFzel daglel 44T S5 HEHE 74
ok 20 kts ol FolM = A& dFAE 7wl
Z2Asdn. £ REAME IF SHEHFITS
ACZISH(Attitude Command/Zero Inertial Side-
slip Hold)2 W7Z¥ i, Ato]E8e] % 4™
3770l wet wiE Aoz A HES AT
o olek sAel WIS SHFPL ISCZISH
(Inertial ~ Side-slip = Command/Zero
Side-slip Hold) & W73y, Frjnndzts “0”
2 WE7] A% BEFS dike ¥ye] AddEn.
u]-g}: 3 7] ZE 9 C&EI]HE‘]7L Sotto] uwlg AA
A S 2T AgelE AL A9 T

< Ase= Hl%*éﬂ—ﬂ‘?ﬂ/ﬂ TS

HRHHE g},
B g gYgels 2gdgn
A

o

Inertial

ro 011‘ r

FA S g SFAR=E AT o] =
ME  WIEHE  F-FZ AlZ=Fl(force-feel

system)% A gsfel G 23 £HID 8
A = L

A9

Forward Flight (>50kts blended speed)

50 kts ©]’+e] HzlH] & (forward flight) Bl
FYdreE FTHESE  AACVH(Attitude and
Acceleration Command/Velocity Hold), %%2
2+ ACHH® SHF3& A&3dnt o] =
NAE FF9 AolEY =F HP Y ﬂ7]°ﬂ H]
gl EAAZEe] BT, Alo]EYo] FHY
AA e d& AFde FH(wing level) AAR
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Flying Qualities Dependent :
(How it should Fly)

Airframe Dependent
(Aero, Mass)

Isolate

Dynamic Inversion

Desired Dynamics i
1
1

| Yo Control o -
—| Command — R S I’| Allocation [ +

1
i Jet)
! 0BM

I [ 71
: f(x) Acceleration
1
1
s FR—
|

St
: ensor
a9 12 RS Ao] F2[16]

© H
AAl] g 71 2ARJD 7 4 (1) g(x)7

Ho] Thsafok stH, ZE7](actuator)E X
st tidadErle] gt 5935 RdgS gW
stofof &tar, o gl 37 JHHsE gst
A EFA Jbsdior stk A7) M-S ST W,
Aoz AAAE e ez AT st
= 5983 A4S 958 & A 2y o
23 7t dHA o7 BEVbsetr] v =Y
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ot 12 fo
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A e ‘dite T 9 (desired dynamics)’e] A

A71A,  fx)= AH  F93  F(state
dynamic function)e] g(x)= AAHTTT
(control distribution function) ©|th. THeF, g(x)
7b BE x@kol tiaiM o] Jhesitial 714
dvhe 4 o 2ol BAY F 3ok
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E 9. 14 Fare SHFE B Aoid & Ak
. Control Surfaces
Axis | Config. | Mission th.h.t EespiIie Feefiback Roll-Yaw Pitch
Condition Type Variables
ORA | 0FA | 6HA |OLEFS| 6FS | 6HS | 0RA
Landing
PA Approach - Q Q - - - Sched | Sched | -
Low AoA Nn Nn, Q
] Air-to-AirMedium AoAl  Blend Blend oFS & OLEFS : l.?‘ollowed performance schedule
Pitch set by aerodynamics group
UA High AocA |Nn, a or Q| Nn, Q, o |e Gross acquisition and fine tracking performance
Aerial can be improved by pilot pre-filter scheduling
eria . .
Refueling Q Q with pole-zero cancelation method
Low AoA ~ ‘ ~ (FAHA¥) R
Roll All All  [Medium AoA Ps Ps Blend -
High AoA S S \ S -
Low AoA B ~ \ (FAHA¥) i
Medium AoA| Blend B, Bdot Blend -
All All Rb T
Rs or Rb,...
High AoA | (if large \ «/ v -
Yaw pedal input)

* [*] FA and HA are ganged (treated as a single
effector) at high speeds for structural load
consideration

* In Low Speed, Roll-Yaw control by RS, HA and
FA based on control allocation

oo} st E4om AAZAR FUFA(fine e AEsdE HEAHOR AMnPLT 23
tracking) 542 Aol HAstolol @tk o] T F U MAY FMnAL AE=E TS
gk A ALEl 2, AFTI/F-l6olA = 52 8% & e 7I¥e] Zsty o] drndz §7#3%
FYe FANSER 1 2F4 2399 tel ¢ w@Hoz gy Y FAo Ak A%
2EAS FANGE WS dEAlel SAAE 9 nued ddaAE 2ee a8 A2
2o W9 A' WEE F zEABHEilot Ho] F A9oE FAFY 29AEE SR
pre-filter)®] °]5& HAsA 2AEHE Fo=A & AHs WFFY rsHES FHAHG. ©
AAxzz g A4 SHFES A FET & I1EFH VEsEd WE W (heading
i itk E@, T50 284 REEA/NA FU angle) WAS FF FFAY SUE Fusu
2 F4 Q% Aol AstE AWFEH A oy 9stelr
@ A FHgstel ANT AT AV Aot ABHE FFIY 2B MYLE v
[22]. o113 WA e T eRFHFPoT ks  F22, F35 % F-18E/Foﬂ/ﬂ grol & 4 gl%o],
gue) ARE WEAL = Y& oMol Atk FAUAS il F-IFHo AHLEL 94 B
wtA dte T3 AdHE 7MY 5 Retn, SRS ﬂoia(control power)< K3}
=FPFe A FRvoe] WS B3 §37] 1 Qojof Wt T50 B F-l63 o] w7t
o % 715 SR oNA F-FFFol Ao BAHF S4L
350 SuRYe ANYYLelA BAEE A W Aol BAA A7) ARsE we
B AY PYOR AEIE BASE SHAFS Al FRT UA vpue nEsta w27t A
RHAocR Ay I wIFEY $EFHIL tf]'7 (angle of attack limiter)E& AAIFO =4, 3
2 g A B MGG E Guindzd F7)F SARESA] AYSA G=5 St ulg
SHAES ALY 234719 F16 3 F-18 A P e B3I WY, F22 3 F-18 E/FS] 4§
F719] Agde vlE 5o Az dvlndd e SHERY 2AEHLE CngE THA
Ang A5sed ATl Yol FFF $H AT 548 2 Aon, SANE 2 v
FHoRE FAF JEE BHHS HEEIJAT, @ Aojd aH FAhsE A E v



® 10. 3]de] #5719 AFAFY SHAFI5]
Mission-Task- UCE =1 UCE = 2 UCE = 3
Elements Level 1 | Level 2 | Level 1 | Level 2 | Level 1 Level 2
Required Response-Type for all
NI Mddgonl eitomens ||| acan | meencon TSRO s
below.
Hover RCDH + RCHH RCDH + RCHH
Landing RCDH RCDH
Slope Landing RCDH RCDH
Hovering Turn RCHH RCHH
Pirouette RCHH RCHH
Vertical Maneuver RCDH RCDH
Depart/Abort RCDH + RCHH RCDH + RCHH
Lateral Reposition RCDH + RCHH RCDH + RCHH
Slalom NA NA RCHH RCHH
Vertical Remask RCDH RCDH
Accel. and decel. RCDH + RCHH RCDH + RCHH
Sidestep RCDH + RCHH RCDH + RCHH
Turn to Target RCDH + RCHH RCDH + RCHH
Divided Attention Required RCDH+ ;I_l; cHH RCDH + RCHH RCDH + RCHH

2 g7t v AN A=
3 Al A1, ZHHE
el B YoM =

o] A3l HIAY%IE B,
A7 AR A Uk
Ast7) 918ty H-wEse] vt
A Aojds &85t A Ao
Aolgs Hg A-8she

ol BAe Aoy g

-

=
e A 3
HAo Py
54 Az
e EAE 3

8]

of, ZFAY  Alofgr 9
Environment, UCE)7} HlAdel 33t s

mAY gebd UCE 2 9%oa 246 we,
WA £Ee BES 8 aTHE SHFIL

3 10004 E= nheh o] 2Ejsjof ot

Vi 28

HA &F7] FAFAAQ] ADS-33E-PRF ¥
MIL-STD- 1797B+ {UF#AA 4&E ohF1 Yt
LT7EE dFFALLEE JREEIAHC we
g 2 18 SFA77] 98 875 e
Fr & (response type)= AAISAL Ut} B ¥
719 H4l FAFE A ADS-33E-PRF= =] o
TN Hol ol EAA L 3ts TAFH
AHEe T ¢ o, 1 FFr1e HA
TAFFA A QL MIL-STD-1797BE  ®]Z9] 7]|&R
T Aoz Aol I AR o}, F
AZQ AMGS AT 4 glg. a8y FAE
Ste=i 9 AFIFFAANA AdE AEr] 9]
AoiHz AEAHE FHHoZ BEHFoZH
YFATF SEHHE L Aojd Se&aS o =3
E F . B E=F9AME UH-60M, T-50
Golden Eagle, F-22 Rapter, F-18E/F Hornet ¥
F-35 JSF(Joint Strike Fighter)2] 7|dALEHE &4
st Z HHEE 9 7HE SEHAE E Aldd &
£ AE ZASGTE AEERA Ad,

°c 1=
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MIL-STD-1797Bol A AAH A2 A==
FAF $EFIL dFHALLAE FF7] A
FAHA o= A= HLEHw Y Aoz 7
o] #At}. o]l VIWteg A4 AdRE FTHSH
389 gFI|dA] zkFofol Ft= SHFIS
PPgEE AAF e, 71F4
AojHel Fgueke AA AT ol &
FJAAEZIE v ES 37 AT AFdel &
g, Aol Uigk A E JFRE =9, 7
o

N

rlorfr oo T @ ot o

o K o

Nomenclatures
o : Angle of attack
ﬁ : Sideslip

ﬂdot

Nn  Normal Acceleration

Q Pitch Rate

Ay  Lateral Acceleration

[0} Roll Angle

P Roll Rate

R Yaw Rate

oR : Symmetric rudder deflection

: Sideslip rate

6HA : Asymmetric Horizontal Tail

8FA : Asymmetric Trailing Edge Flap
SLEFS :
S8FS  : Symmetric Trailing Edge Flap

Symmetric Leading Edge Flap

SHS : Symmetric Horizontal Tail
3SB  : Dedicate Speed-brake
8TV : 2-D Thrust Vectoring
0AS : Symmetric Ailerons

0AA : Asymmetric Ailerons

Subscripts
cmd : Command signal
A : Stability axis A
des  : Desired signal

Ay : body axis A
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