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"T-50 Horizontal-directional axis flight control law design and trajectory
gain Research on aircraft dynamics under change

A Study on the Flight Control Law and the Dynamic Characteristic
about Variation of Feedback Gains of T-50 Lateral-Directional Axis

Kim Jong Sup’, the yellow buttle door, the River Spirit himezlf
({Chong-sup Kim, Byung-moon Hwang, and Young-shin Kang)

Abstract : The T-50 advanced trainer aircraft combines advanced aerodynamic features and a fly-by-wire flight control system
in order to produce a stability and highly maneuverability. The flight control system both longitudinal and lateral-directional
axes to achieve performance enhancements and improve stability. The T-50 employs the RSS concept in order to improve the

aerodynamic performance in larigiﬁjdinal. axis and the lcngituﬂinal control laws employ the d'ynamic inversion with
_proportional-plus-integral control methed. And, lateral-directional control laws employ the blended roll system both beta-betadot

feedback and simple roll rate feedback with proportional control method in order to guarantez aircraft stability. This paper
details the design process of developing lateral-directional control laws, utilizing the requirement of MIL-F-8785C and
MIL-F-9490D. And, this paper propose the analysis of aircraft characteristics such as dutch-roll mode, roll mode, spiral mode,

gain and phase margin about gains for lateral-directional inner loop feedback.

Keywords : RSS (Relaxed Static Stability), FLCS (Flight Control System), FBW (Flight-By-Wire)

| Intraduction
Most military aircraft currently being developed have air power characteristics
and destabilize the aircraft statically to improve maneuverability The
application of the stable mitigation concept designed to be universal c.In
addition, the stability and maneuverability of unstable designed aircraft
-With highly developed digital control technology to guarantee
One electric flight control system (digital Fly-By-Wire flight control
The adoption of system)is essential. Therefore, FBW (Fly-By-Wire) ratio
-Flight control law design of the row control system is the entire flight area(flight
envelope} In order to ensure excellent maneuverability on the target aircraft
It is a task that imposes praper stability and maneuverability. Aircraft The
control law is designed through the following process. First Aerodynamics,
From a database consisting of propulsion, weight, and hinge moments
Perform the trim process fo calculate the equilibrium state, and to each frim condition
After obtaining a linearization model of the standing aircraft, the aircraft model
Design control laws using linear analysis. In the all-flight area
Nonlinear 6-degree of freedom simulay after scheduling control
{aws Verify and supplement control laws through Sean. Finally
IManeuverability of aircraft by Handling Quality Simulator (HQS)
-After the verification of the ability, the control law design work is terminated
¢. Design requirements that apply to the design of such flight contral laws
There has been a lot of research on the condition[1-4]. But manned
Interpretatively and accurately the piloted aircraft's piloted performance The
formulation of the predicted design requirements is the pilot's control load(pilot
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workiuaﬁ) given flight mission, by-environment and joe at the time of flight It
is very difficult because it depends on the state of the engaged person. Thus
The advanced flight control system varies depending on the pilot's flight mission
The ultimate goal is to provide the optimal flight control mode
This is.

In this paper, control using horizontal-directional design concepts
The design technigue of the gain was described in the US. military
‘standard The control gain was realized using the defined requirements

¢. In addition, the transverse-directional axis of the aircraft according to the change in
orhital gain Dong was analyzed. For this study, the T-50 Higher training machine was used
Using an iterabase, the control performance requirements
are MIL-F- Dutch mode described in 8785C and
MIL-STD-1797A (dutch-roll mode), roll mode, spiral

imode Requirements for mode and stability margin

[5-7].

J1.T-50 Horizontal-directional axis control law Design
1. Horizantal-directional axis cantrol

law T-50 Horizonlal-directional axis flight control law is sliding angle-sliding angle Figure

[8-B)Using the control technique of the ulceration structure, the ulceration gain
design. However, when maneuvering on the vertical axis in an asymmetric armed shape,
the foot In order to eliminate the phenomenon of raw roll movement, such as vertical axis
maneuvers Roll angle speed in areas where small rall contral input ar roll angle speed is created
Rall axis pilot command gain by relatively increasing the trajectory gain and The
control law of the simple roll angular velocity trajectory structure using the same It
was applied in part to the horizontal axis[g].

Fig. 1 represents the horizontal-directional axis jether law structure. Aircraft
The horizantal axis and the directional axis movement are connecled to each other{coupling).
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Figure 1, Horizontal-directional axis control law.
Fig. 1. Blended roll system in lateral-directional control law.

Therefore, in order for the aircraft to make a coordinated turn The
required YAW angular velocity should occur, so playgirl The rudder
‘must be operated correspondingly when the furon is operated.
Therefore, aviation through control surface blending Separating
the horizontal-directional axis so that the giga can be balanced
-Added control gain(ARI : Aileron Rudder Interconnection)for
It has been.
Horizontal axis control uses pleperons and horizontal tail wings.
Joe The command by the operator's control is roll command tilt(roll
command gradient)is converted to roll rate(roll rate) and used.
Departure of aircraft and linkage by roll Maximum
roll angle turning dynamic to prevent coupling
pressure, horizontal tail deflection and receiving
‘Limited by sound angle. Therefore, during cruise flight and takeoff and
landing The maximum roll angle speed is reduced by the above three
variables. The horizontal axis trajectory variable is the roll mode
time(roll mode time). constant) or roll angle to enhance the stability
-coefficient Lp This roll angle speed is relative to the stability axis For one roll.
This means that the aircraft has a stable axis or wind axis If you do not
roll against the (wind axis), you will receive it when flying horizontally The
sound angle appears as a slide angle as you roll, which is undesirable This
is because there is no linkage phenomenan. In addition, roll angle speed and yaw
Reduce the impact of structural static phenomena on the right angle velocity ulceration loop
In order to remove the structural linkage phenomenan, use a filter.
Directional axis control uses vertical tail wings. Rudder of the pilot
Commands are slipped by rudder command gradient
It is then converted to an angle command, preventing the phenomenon of deviation from the
high angle of recaption In order ta reduce its size as the speed of the roll angle increases
& gt; The direction axis rotation variable is roll angle speed, slide angle and slide angle
Unique frequency of dutch roll mode mainly as speed and is used for
the augmentation of the attenuation rate.
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T-50 Transversal-directional axis gain is slip angle-Slip angle speed trajectory It is designed
Dy applying a struchure, and in some areas, simpl roll angle speed Follows the ulcerative siructure. In
this paper, the flight stzge bracket Als compared fo the flight stage bracket A. Slide angle-Slide
anqle speed trajectory conirol fachnique is used to control the sliding 2ngle of the slide angle.
Introduce techniques for calculating benefits[10,11]
1.1 Horizontal axis control gain design
For simplification of equations in horizontal-directional axis equations
of motion Assuming Y = Y, = Ys, = Ys, = 0, the equation of
motion is It can be expressed as (I)to (3) [9].

p=LgB + Lpp + Lpr+ Ls, Sro (1
r=Ng8 + Nap + N,r + V5, 0y, 2)

v -
B = -R+3, where R = r-sindcos0 (3
iy ty

Fig. In the block diagram of |, the roll control command is expressed as
(4) can.

8 potle, = - K-LFRou+ K-2p + K-3 - (4)

Consider steady-state response (Bou = 6Ro) and obtain feedback
Assume that there is no roll order of the pilot (Fnod = 0)if (1)
And (&)can be expressed as (5).

p = (Lp+ K2Ls)p+(Lp+ Kals)r+(L3-KnLa)3(5)

(5)To remove the roll by yaw angle speed and slip angle
For Kn, K.If nis obtained, it is equal to (6).

ks il 6)

Assuming the hydraulic operator as the primary delay filter, the table as shown
in (7} It can be current. (4)Roll by yaw angle speed and slip angle There is no pilot
roll input, assuming that there is no pilot roll input, substituting in (7) f written
in the form of a high matrix, it is equal to (8).

Opr= — W+ W g, 0]

Pl 4 bl [12]
[Eﬁaﬂ] (Wl —wy O ®

(8)The two waves of the characteristic equation of the roll mode frequency (u4) and
Peruf Define the frequency (wa) of the hydraulic operator made and compare the coefficients
If you obtain K gain, it is equal to (9).

K2 = & L.F-'lg @wn @A) 9)
S a4
Engineered Ka, K4 gain by yaw angle speed and skid Assume
that the roll component by each has been erased, (T)and (4)in
Steady state condition for maximum roll command (6nol = 5;1H)p =0,
If you solve the equation by applying Fhot = p = pM"), then Kp
(10)can be obtained as follows.
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Mox
P L
K= (g 4 = (10)
h ;I?fnﬂ'[ L L‘smd]

The roll axis gain obtained above is the roll control input, such as the roll start
This is applied in areas where there is a lof of demand or roll angle speed, avoid
The rall contral input is required o be small, such as the stroke motion, ar the roll zngle speedis -
Small areain K.and K.p is the same as the speed schedule Apply. This
is when starting a pure vertical axis in an asymmetric armed shape
Replace K2 to eliminate roll-off Simple roll angular velocity trajectory
using the same as Ka by increasing to It is the result of applying some
of the control techniques of the structure to the horizontal axis|8].

1.2 Directional axis control gain design

Fig. In the block diagram of 1, the Yow control command is shown as (11)Table
It can be current.

= K, Fy,,— Kpop — Ko+ K,0— Kyﬁﬂ (11}

) Vot

Consider steady-state response (éy= 6y) and get feedback
In order to assume that there is no pilot's Yow command (Fyxm =
0)ha And, (2), (3) and (11)can be expressed as (12)if solved using

There are,

3- cns[lcos:p Np+ Kcm+ Kan - N cogﬂqﬁ
\ug . S

- (Np + + (24 f KaN38 - N,R (12)

(12} Roll angle speed and roll to consider only the direction axis movement
If Knp, Kn0 for erasing the term for the posture angle is obtained (13) and
the same.

"Cﬂsecnsl:h- Np

K32 = :T’

NCDS
: 0
Kg3 = _'LA?—-I?G(I.?)

Assuming the right pressure operator as the primary delay filter (14) 25 shown in the table
It can be current.

)

Vow — wdé"ulu + wAﬁl’mum,« (14)

(11) The roll angle speed and roll posture angle terms are erased, and the pilot
Assuming that there is no YOW input, it is arranged by substituting in (14).
If you express the organized expression in matrix form using (12)and

(3) Equal to 13

oo ol & I"'3 R

o 1 o p |=i-1 A 1, (15)
.I] JK l.. E !"[l :
‘w"'"’“’:n—wn’“"

Dutch roll mode{COn, Wpn)and hydraulic aperation in the characteristic equation of (15)
Define the frequency(@A) of the ki mode and compare the coefficients
K K, obtain the gain is equal to 16.

1 Xa _
wipw g - N uu“-'.‘! N,Gf-ﬂ.ei (16)
'N-A

’H -

¥, ¥;
QCERWMWE_M‘EE‘ + MNuw 4+ ‘f‘f‘wj—!\%
|

Ky =
1
_A

where = - N *‘::-"‘A— 2Cpn DR

Engineered <Gain by roll angle speed, roll posture
The yaw component has been erased by the angle and slide angle speed-
(2)and (1)to determine the normal condition for the maximum Yew order

Applying (y = = 0, = = 8M)
By solving the equation, Kb can be obtained as (17).
. i Ny
Ky = =L [rr *m,_,] an

13 Horizontal-directional axis control surface Composite contral
qain design Fig. The mament generated by the control surface in the block diagram
of 1is From 18 to 24 is the same.

= K., (K14, + + K_,L4,) (18)
Nypo = K, (KalVsy, + 150V, + K N5,) | (19)
Ly = K, (K. Ly, + %uuls,,+ K. Ly) (20
Ny, = K, (KoulNs, + KuuNs,, + K, ;) (2n

Roll Split Ratio to obtain ARI gain
Let's apply as showniin (22).

-ﬁr = DEAPDAA- func(M, Alt, cx)\ (22)

N=La =0 Lato separate the horizontal axis and the

directional axis Assuming that, (22)is assigned to (19)and organized as
(23) Kp can be obtained.

D EAPDAA N3+ N
}(ry = . '-“"r(mﬂ (23)

tn

In addition, the asymmetric displacement of the horizontal tail wing by Yow
command Assuming that it does not occur, solving (20), K is equal to (24
This can be obtained.

I
K= — 2K, (24

e 1,
Assuming Knn= Kn = 1in (23), (24), Knp, Kn can
‘be obtained.
Kn K can be determined by applying a control force requirement.

The control force requirement is a function of dynamic pressure, (18)and (1%)
by (25) Can be obtained as.

e ﬁ;"LmW. YKL,

-& func(q)
d Iq, K, N ot KN+ N,

(25)
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2 Horizantal-directional xis control law Design procedure
When the design pracedure of the harizontal-directional axis control law i established, fhe fallowing

This can be expressed briefly.
(D(26)Line the design goal of the horizontal-directional axis contral law as shown

Determine. The design goals are maximum roll angle speed, slip angle displacament, Dutch Rall
made is the unigue frequency and attenuation ratio, and the roll mode phase number.

Pss: lﬁur W, gDRJ TR (26)

@ Use the gain design formula obtained in section 2.1 according to the design goals
By setting the initial gain value.

(3)Higher Order System(HOS) with initial
'gain value Maximum Likelihood Estimation
LOES: Low Order Equivalent Calculate
System).

@ Eigenvalues of spiral mode from equivalent low-order systems|Eigen- value)
is the design goal (Aar <) Until reduced to less than 1 The er gainis

modified to calculate repeatedly, and 2 separate optimization process is performed
It doesn't go through.

3. Design Requirements

Specified in U.S. military standards MIL-F-BT85C and MIL-STD-1797A

The design requirements for the horizontal-directional axis were applied.
table 1 shows Dutch roll mode and stability margin requirements In
addition, table 2 indicates the role mode awards and spiral requirements
Give [5-7].

The requirements defined in Tables 1and 2 do not include a controller
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IIl. Control gain design and Analysis
1. Selection of test areas and items
In this paper, Fig. Test area as shown in 2 Height
M0.8@10kft, M0.95@10kft and M1.05@10kit%] A Receiving angle
‘Horizontal-directional axis for 9 areas by 0°, 2.5° and 5°
The control gain was designed by applying the control law design procedure. That
And Fig. Horizontal-directional axis trajectory in the all-flight area shown in 2
Horizontal-directional shaft dynamics and stability of the aircraft due to changes in
gain The degree of slack was analyzed.
1. Horizontal-directional axis control Law Model
-This paper describes the air power database of the T-50 Higher training aircraft
used. To improve the stability of the transverse-directional axis of the aircraft,
The sliding angle-sliding angle acceleration ulceration technique presented in section 2.
The horizontal-directional axis control law was designed
by applying. Mean Aerodynamic Chord (MAC) For aircraft located at
-34.66% of the nonlinear equation of motion The result of calculating the
trim conditions using table 3 is the same as table 3, each Obtain an
approximate linearized fluid-dimensional aerodynamic coefficient under
trim conditions It is the same as table 4, and Lg has 2 negative large value.
This is C,a measure of lateral slability, has a negative large value Aircraft
that do not contain a controller should not be on the horizontal axis
It can be seen that it is determined]9).
3. Control gain design and linear analysis
results Set design goals for the test area and design in section 2.1

Dynamic characterisfics were defined for the aircraft. But includes a controller 1l |7 -’]L‘:“ ";i"{ﬂfm -
. : . it ! h -/ . : Gain Design
The FBW aircraft is made to improve control characteristics Higher order, aoeen £ = $hei— j_ 4=
which contains a number of filters and integrators within the phraseclogy i e 4 P ' AN ) 7 i
system. Therefore, to apply the requirements of table T and 2 It should be determined g ™ Ir,r‘ $— 7 J_‘ P S ity o ,Ii” ot B
. . . . . K ] v SEUF
“by equivalence with the equivalence low difference system. In this paper Does not E ;’ f i / f-’ ' ! B S Pl E
woeen — - s e | 10
cover the details regarding the equivalent low-order technique. . i1/ 7 S e A
: | J‘l .‘. r-"’ "lr .;'.f.. .r;.( r/ "/-/ - (I-/ ]
Vo - - I|‘ _Il_,“.f,. ,r' y: v r.p,.r ﬁ. ,,' 3 v -
Table 1. Dutch Roll mode requirements (categary A). I Ve f,f £ g 4 AL
Tablel. Requirement of minimum dutch-roll frequency and ° J‘ £d 49 P s )‘_""'; '{9-' "ol i
damping(category A). e
| “Dutch Roll Mode Margin Figure 2. Test area.
el T Fig. 2. Test points.
eve ton lor @DIR DR G Bk
(rad/sec) (rad/sec)
ILGM = 6 dB : & Table 3. 1-g horizontal trim results.
1 0.19 0.35 I, : » 459
9 HGM > 6 dB P Table 3. Result of 1-g wing level trim.
2 002 | 005 [ 04 - - — Altitude J.\,,émhl AoA | 'VCAS| HT | Thrust |
3 | 0.005 " 04 - - (kft) Il (deg)lfknots)i (deg) | (%)
| 20 0.8 0 373 | -1417 | 63.8
Table 2. Roll mode time and Time to Bank requirements (category A). 2 20 0.8 25 373 1279 | 654
: . ) 3 20 0.8 5 373 | 4081 | 856
Table2. Requirement of maximum roll mede time constant and
i - st 5 4 20 0.95 0 49 | -1.05 | 809
'minimum time to doublet amplitude({catego A
3 = 5 20 [ 095 | 25 | 449 | 139 | 995
Level TR Max(sec) T2min(sec) 6 20 0.95 5 4449 3188 119.6
1 1.0 12 7 20 1.2 0 578 -1.51 1259
¢ 2 14 8 8 20 12 25 578 | -0.27 | 1300
ilE 10 4 9 20 1.2 5 578 1.07 130
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Table 4. Aircraft aerodynamic characteristics for the

“fransverse-direcfional axis. Tabled. A/C property of lateral-directional axis.
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I’[‘asel' Ly [ 1, \i L | !LmATJ Leea | LoR % ] N TN [ Nias [ Noea [ Ne | Ys | Y. YSAA | YEA | YR |
(s ecl) (5991', (sec-3) (sec?)/(ge® ) | (sec?)| (secl) | (sec") | (secs) | (sec”) | (sec™) (s |ft/sec) (fl/sec2) (il/sec) (fl/secd) (flfsec?) (ft/sec?)
1 <338 | <398 | 099 | -B19 | -309 179 |l -0071 | 111 047 | <386 | 741 | -B01 [-0.0000| <0242 §-0.9933| 0.025 | 0.045 | 0.062
2 =337 | 499 | 156 | -BO.1 | -30.9 165 | 0.003 | 121 053 | -064 | -5.79 | -BAS | (OO0 | -0240 1-099201 0030 | 0055 | 0.060
3 341 | 665 | 209 | -B1.3 | -333 170 | 0070 | 142 [ 063 | 306 | 400 | -7.25 0.0004 -C.229 -0.9926 0.037 0.052 | (.059
4 -406 | -239 | 121 -B7E | -34.8 123 | -0092 | 195 | -058 | -436 | -11.18 | -6.37 0.0000 -C.321 -0.9933 0.037 0.059 | 0037
5 404 | -558 | 1.B7 | -743 | 388 134 (| -0005| 185 | -063 | -093 | 927 —'?.83_0_{}[][]2_—0_3113_—119931 0.036 D.OT0 | 0.038
6 | 397 | 856 | 254 | 647 | 428 | 129 | 0077 | 218 | -075 | 233 | -7.05 | -7.47 0.0005 -C.304 -0.9929 0.035 0.073 | 0.036
|7 [ 639 859 [ 130 | 366 | 944 | 135 |0.165| 179 | -082 | 429 | 912 | -6.63 -0.0000 -C.343 -0.9946 0.029 0.033 0.030
8 641 | B4 | 197 | -384 | -R3R 125 | 0.011 26 | -0.8 | -284 | -7.61 | -6.96 0.0001 -C.395 -0.9944 0.037 0.045 0.026
[ 9 | 637 | 993 | 270 | 395 | 826 | 132 J 0182 | 423 | -104 | -1.16 | -3.32 | -7.54 0.0004 -C.428 -0.9940 0.040 0.044 | 0,024
Table 5. Optimization results of gain for the horizontal-directional axis
Table 5. Gain optimization of lateral-directional axis._
Gain Optimization
Desired 2 5 "
s Roll Aylus Gain Yaw Axis Gain Blended Gain |
[ra:::ech box dst:eJ I(ti';’s)lli{::g: Kn | Ke [ Kis| Ka | Kn | Ke [ Ky | Ko | K | Ko | Ky | Keo | Koo | Koo Ky Hves | Ko
1 463 | 06 0287 200 6 | (03 | Q0008 [ 007 0155 | 2000 | 0.014 (00022 | -0.64 | 0500 | | 0.25 1 |-033 O 0 1
2 463 | 0.6 [02B8| 194 6 [ Quks | Q0000 | 0070 0218 | 1.861 | 0004 |0.0024] -0.48 | 0.453 1 1 0.25 -7 0 0 1
_ 3 463 | 0.6 [0.285) 178 6 0040 | 00000 | 00242 | 0308 | 1,752 |-0.003 |0.0027] -0.23 | 0.405 1 1 0.25 1 |oaa) 0 0 I
4 509 | 055 (0241 200 4 [ 008 | 00007 [ 00102 | 0026 | 3.050 | 0.019 10,0029 -0.02 { 0.580 1 1 0.40 1 |-138] 0 0 |
5 509 | 055 (0241 187 4 o0 | Q0008 | 0001 e | 2774 | 0.005 |0.0029] 0.18 | 0.529 1 | 0.40 T |-062( O 0 1
': [ 509 [ 055 0245 176 4 [ 0dg | om0 | 0®] 0135 | 2627 |-0.006 |0,0032| 0.27 | 0.465 1 1 0.40 1 |-006] 0 0 1
7 587 | 0.5 [0154( 145 2 | 0063 | 00006 | 001ET | 0154 | 3887 | 0.029 (00032 -1.22 | 0.623 1 1 0.50 1 |-133] 0 0 1
& 587 | 0.5 (053] 135 2 00w | 00007 |02l | (od | 3722 [ 0002 00033 091 | 0476 1 1 0.50 I |-096( 0 0 1
2 5.87 0.5 |0175) 110 2 0675 | 00008 | (4GIS | 0266 | 4.609 | -0.021 100035 1.00 | 0.357 1 1 .50 <037 0 0 i
Table & Interpretation results for the horizontal-directional axis.
Tableé. Result of lateral-directional linear analysis.
Dutch Roll ‘Roll Spiral Stability Margin
ICase iz Made | Mode | o Asym. HT Asym. TEF Rudder Level
Won N Raoot G.M P.M G.M P.M G.M P.M. | Reguirement
(rad/sec) Con (sec) (I/sec) (dB) (deg) (dB) (deg) _(dB)__| _(deg)
I 457685 | 0.53816 0.39902 001113 .02 62.11 N/A 49.80 N/a 23.57 6887 Yes i)
2 4.57591 0.54145 0.37887 001058 2.97 59.72 N/A 51.57 N/A 24.14 TLI8 Yes
s 3 4.56874 | 0.56220 0.38875 -0.00699 298 59.41 /A 3925 IN/A | 24.62 BOWO2 Yes e
4 514233 | 0.54535 | 034008 | -0.00845 383 54.94 IN/A 50.15 N/A 2361 8183 Yes
5 510959 | 0.52953 0.35617 -000818 381 51.26 INJA 52.52 N/A 24.13 82.29 Yes
B [ 515202 | 0.55229 0.36356 -0.00223 3.50 49.27 N/A 38.93 N/a 24.82 9112 Yes
7 578315 | 0.45034 | 025435 -0.00639 296 51.67 INfA ] 5267 NA | 2205 69.45 Yes
: 8 6.23605 | 053057 0.26137 -0.00506 351 4886 NS/A 51.07 N/A 2472 9918 Yes
) 680412 | 041308 [ 02600 | ooo067 | 322 | 40 M | S1R9 na | 2767 | 11829 Yes

MN/A - A gaiﬁ or phase margin does not exist at this flight C-Dndl;l;lon,

The result of calculating the control gain is the same as table 5. Current,
T-50 steering The cotton composite control law has ARI(kry) for aircraft
balance rotation - Asymmetric horizontal tail wings are used to share the
score and roll orders. The gain (krea) is reflected. Thus, Ke and Ku gain
is not considered, and Kraa, K, and benefits phase
It is reflected in the number 1. Sliding angle-With sliding angle speed ulcer structure
When calculating the control gain, the roll angular velocity trajectory gain (Ka) is the
horizontal axis It is designed to be relatively small{l/I0)than the pilot gain(Ki). Like
this Due to problems with one design technigue, pure in non-blue armed shape
When performing pitch maneuvers, molar movement occurs. These problems

To solve the horizontal axis control [aw, as in F-16, roll angle speed
Relatively increase the ulceration gain, roll axis pilot gain (Ka) Step
applying the roll angle velacity ulceration gain (Kz) to the same gain The
‘net roll angular velocity ulceration structure was applied to some areas.
Km Gain M08 that represents the roll control ratio of the horizontal
tail wing At speeds below 25%,at speeds above M 1.05 and above
50%, M0.8 The transition region between M1.05 and M1.05 was linearly
connected. This is to increase roll control, and on the one hand, high
Avoid applying to the main gain during roll operation in subsonic and transanic areas
Itis to reduce the dimension.
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Sliding angle-Horizontal room designed with sliding angle accelaration convaction tachnique
Linear analysis was performed to evaluate the direction axis control gain. Verification
items include gain margin, phase margin, dutch mode attenuation ratio and high
Design requirements for Eugene frequency, role mode number, and spiral mode
The satisfaction of the conditions was interpreted.

Table 6 shows the results of horizontal-directional axis linear analysis. Linear
As a result of the analysis, when the gain designed in table 5 is applied, table
Dutch Roll Mode, Roll mode, and Spiral mode presented in 1 and 2 You
can see that everyone is satisfied with the rescue. Thus, the T-50
The stability of the aircraft by applying control laws and it is possible
to improve the steering performance.

V. Impact analysis of changes in ulcerative gain
1. Horzeetal-directional 2xis dynamic characteristics accarding to changes inulceration gain

The test area is Fig. Selected for the T-50 all-flight area as shown in
figure 2 The aircraft shape is a representative shape of CAT (category) 1
FO(clean) shape was selected. Changes in ulcerative gain

Horizontal-directional to interpret aircraft dynamics and stability slack
- Linear analysis was performed on the axis. Ulceration through linear analysis
Impact on gain margin due to changes in gain
- Analysis was performed. Also equivalent depending on the change
in ulcerative gain Dutch roll determined by the eguivalent system
Moda attenuation ratio and natural frequency, role mode fime series, Spiral mode
The impact on was analyzed. The range of changes in ulcerative gain is
Set from 50% to 150%, and the change is increased by 25% was.
The meaning of 100%here is optimized without increment
It's & gain. To determine the impact of altitude and mach water
Fixed altitude and changed mach number.

As aresult of linear analysis, many effects on horizontal-directional axis motion
The ulceration gain on the horizontal axis is the roll angle speed and yaw angle
speed It is a gain, and the direction axis is  slide angle and slide angle speed
gain c. In this paper, the sliding angle and sliding angle at an altitude of 20kft
The resulis of the analysis of the figure were shown representative.

1.1 Slip angle ulcer gain

Slip angle ulceration gain affects Dutch roll mode intrinsic frequency

i

1 1 s X 5%
e -
iu .................. ; ......... ;‘ ........ E_..a ................. . TER
itk H s :
gu'ﬁ Destrable g g o T E

|

Frequencylradisec)
e N & O o
o
ax- ¥

M‘.ﬂaﬁh ﬁ.ﬁ 1 12 l,.cl
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]F'ig. 3. Dutch-roll mode dém;_:ni-nc__; and f-requenqy with variation of

Ibeta feedback gain in yaw axis.
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The stability of the rudder has also had 3 lot of impact on the slack. Figd
is the Dutch mode according to the change in the slip angle trajectory gain
Shows changes in attenuation ratio and natural frequency. Changes in ulcerative
gain For Dutch roll mode attenuation ratio tends to depend on altitude and speed
The sex was the same, but the width of the change was different. Altitude can
increase The rock has a tendency to increase in width, and at the same altitude, -
AH There was a large change in the sound velocity area. And ulceration gains can be
reduced Rock attenuation ratio showed 2 fendency o increase. Stools of ulcerafive gain
The natural frequency of the Duch for the times tends to vary depending
on the altitude It was the same, but the tendency was different depending on
the speed. In the low-altitude area, the change in ulcer gain was large.
At the same altitude, the more the gain decreases in the subsonic region, the more
Dutch Roll intrinsic frequency showed a tendency to increase, transonic speed and
In the supersonic region, there was a tendency to decrease.

Fig. 4, 5 is the role mode award number according to the change in the
ulcer gain, spa Imho mode muscle and stability also indicate slack. Almost
no impact You can see that it's not crazy.

1.2 Sliding angle speed ulcer gain

Slip angle speed trajectory gain Dutch mode and vertical tail wing
Stability also had a lot of impact on slack. Fig. 6 is

a duich roll according to the change in the sliding angle speed ulcer gain It shows
the mode attenuation ratio and the natural vibration return change. of ulcerative gain
For changes, the Dutch roll mode attenuation ratio and natural frequency are
high And the tendency according to speed was the same. Ulceration at the same
height As the gain decreases, the attenuation ratio and natural freguency tend to
decrease Indicated last name. Alse, if excessively reduce the gain, persimmon
Icebee was not satisfied with the requirements. Also, the natural frequency is bin
The changs was greater when the reurn income was increased than when it was reduced.

Fig. 7 is the role mode award number and spa according to the change in
ulceration gain Imho indicates a change in the muscle of the mode. vs. changes
in ulcer gain The role mode awards tend to vary depending on altitude and
speed indicated. The higher the altitude, the more the change in the ulceration
gain The smaller the impact, the lower the ulcer gain at the same alfitude
The number of haurs became smaller. However, at high altitude, there is a certain
tendency Did not have. Sliding angle speed trajectory gain is in spiral mode
has little effect.

Fig. 8 is the stability margin of the aircraft according o the change in the trajectory gain
appears. The gain margin is the same as the change in ulceration gain
Showed a tendency. If the ulceration gain decreases at the same altitude

The gain margin increased.
2. Example of gain accuracy calibration for Dutch Roll mode

The sliding angle-sliding angle velocity ulceration structure presented in this
paper is Under the premise that the aircraft model obtained from fhe wind tunnal test
45 accurate |t is a useful technique. However, aircraft models obtained from wind
tunnel tests There is an error with the actual aircraft. If there is an error in aviation
The control gain desiqned for the aircraft model is the pilot performance and stability of the aireraft
will not be able to satisfy. These errors are linear and nonlinear The actual
flight test with the aircraft movement predicted by the type interpretation
Aircraft mod by comparing the aircraft movement that appears as you
perform Dell can be calibrated, and there are two calibration methods.
Calibrate the aircraft model based on the results of the flight test
and make it linear. How to optimize the gain through the seat
There is another way to have direct control while performing
flight tests There is a method of gain tuning. The latter room
The law uses the Flight Control Test Panel(FCTP) during flight testing
By adjusting the gain, you can get the desired aircraft response
C. In this paper, inaccuracies in aircraft models during flight tests
Unwanted aircraft movement caused by gain of precision
Provide a way to improve through calibration.

This section describes inaccuracies in the harizontal-directional axis aircraft model
The resulting Dutch mode kinetic characteristics were analyzed. Dutch
Roll mode mainly appears as a combination of slide angle and yaw movement
As mainly removes and approximates the roll movement. Thus C(
and Gwith an error in, and a steer with a horizontal-directional axis
Monlinear analysis using force (roll-yaw doublet) was performed. Rain
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Fig. 10. Nonlinear analysis with beta-dot feedback gain tuning in

directional axis.(M0.6@20kft).
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As a result of linear analysis, the change in G is much in the aircraft
direction axis movement Affected. If you increase G, Dutch mode
unique frequency Showed a tendency to increase and decrease the
G., G, attenuation ratio. and and has litile effect on changes
in C | knew. This is relative to the value of Np, as shown in table &

It is consistent with the conclusion that it has a large value.

Figs 9, 10, and 11 are for aircraft models with errors in G
Go to the horizontal-directional axis while precision calibration of
the control gain Nonlinear interpretation through roll-yaw doublet
This is the result to be performed. Inaccuracies in horizontal-directional axis
aircraft models In order to simulate the aerodynamic coefficient 62, an error of

+200% is artificial Aircraft models that have been raised and do not contain errors

Optimized control of the aircraft by using the dock mode luck

-Dong was observed. And slip to correct model error The rum angle and slip angle
velocity frajectory gain were precisely calibrated. Aircraft The judgment criteria for
the response are the Dutch mode attenuation ratio and the natural frequency. Judge
‘whether you are bowed.

Fig 9,70 and As can be seenin 11, the term in which the error exists
Dutch mode attenuation when applying designed gain to air models
It can be seen that the response characteristics are inadequate dus to the decrease in rain.

Fig.  Is the result of attuning the K gain, which is the slip angle ulcer gain
c. Kn, the amount of change in gain was 60%, 80%, 100% and 140% c. Analysis
results, the ulcerative gain is the Dutch roll mode attenuation ratio
and high It had little effect on Eugene frequency. Linear analysis results and
If the attenuation ratio and natural frequency increase as the gain decreases
Showed incense.

Fig. 10 Kp, which is the sliding angle speed ultracold gain, modulated gain The
result is. The varying amounts of Kp benefits are 80%, 100%, 120% and 140% was
followed by. As a result of the analysis, the K gain is the Dutch made attenuation
ratio and It has had a lot of impact on the intrinsic frequency. As a result of linear

analysis As the gain increases, the attenuation ratio and natural frequency fend to increase
Showed castle.

Fig. 11is the result of coordinating Kn and gain. Kp Gain
The Dutch mode is set to 80% and the Kp gain is set to 140%
Precision calibration of the gain by increasing the attenuation ratio and natural frequency,
Proper Dutch roll mode response characieristics were obtained. Linear Interprefation
As you can see from the results, the sliding angle speed increase the gain of the ulcer
By letting, the attenuation ratio and the natural frequency can be increased, but
aviation The stability of the group can be reduced and become statically unstable
Therefare, the gain is the appropriate range of the sliding angle speed ulceration
gain It should be calibrated within. Precision gains in real-world flight tests When
coordinated, the terms according to the change in orbital gain through linear analysis
Pre-determine the range of gain adjustment by interpreting the air stability
1t should be,

¥, Conclusion
The T-50 higher training maching quarantees stability and high mobility performance
The harm control law is applied. Horizontal-directional axis flight conirol Law
The structure is skid angle-Skid speed track structure and simple angular speed
bin The ring structure is mixed.
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In this paper, we use the slip angle-slip angle velocity ulceration structure
System of flight control laws by presenting the design procedure of control gain
We were able to build an enemy database. Also of ulcerative
gain Analysis of the effect of changes on aircraft transverse-axial
motion c. These results can be used during flight tests
Against unwanted aircraft movement due to errors in aircraft models
Thus, the control gain requlator to have the appropriate aircraft motion characteristics
The law has been presented, and the results can be summarized as follows. Roll

(I angle speed and yaw angle speed trajectoryin the horizantal axis trajectory gain
The sliding angle and sliding angle speed trajectory in the gain, direction axis trajectory oain The
change in the scora had alot of effect on the horizontal-directional axis movement

(@ Roll angular velocity trajectory gain applied to the horizontal axis is rall made
The inside of the temporal and asymmetric horizontal tail wings and
asymmetric flaperon The degree had somewhat

much effect on the slack. 3 The yaw angular velocity trajectory gain applied
to the horizontal axis is spa Had somewhat much effect on the ical mode.
But aircraft stable Nor did it affect the slack.

@ The sliding angle orbital gain applied to the directional axis is
Dutch Had a lot of influence on the mode. But the aircraft stability is also
‘on the slack Did not affect.

@ The sliding angle speed trajectory applied to the directional axis is more
It has the most influence on Chirole mode, and the number of hours of roll mode
And the stability of the vertical tail wing also had a lot of effect on the slack.

In this paper, horizontal-directional axis control law design procedure and control
By presenting a gain adjustment technique, when developing the next aircraft
Not anly can you shorten the design period consumed, but you can also fly In the
event of an error in the aircraft madel during the test, appropriate detoxification
Trial and error in aircraft development by presenting the technique of performing the
_definition It is expected that the five can be reduced.
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iK1 Roll command gain

-ka Stability axis roll rate feedback gain
fﬁ-g Stability axis yaw rate feedback gain
i, Beta feedback gain in roll axis

Ky "Yaw command gan

.{ﬁﬂ Stability axis roll rate feedback gain in yaw axis
K Roll attitude gain

E;., Beta feedback gain in yaw axis

j"yﬁ Beta-dot feedback gain

i, Roll scaling gain

K, Differential flap gain.(splitratio)
Kw Aileron-to-tail inte.connect ga'in

‘F"—'ll Aileron-to-rudder interconnect gain
K, Yaw scaling gain

Rudder-to-aileron interconnect gain
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