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ABSTRACT

A virtual simulation test program to carry out the handling qualities of unmanned
Rotorcraft has developed by using the MATLAB GUIDE(Graphic User Interface
Development Environment). The handling quality evaluation program based on
ADS-33E contributes to design the flight control system and to evaluate handling
qualities. In addition, Linear Quadratic Tracker with Integrator(LQTI) attitude controller
based on Linear Quadratic Regulator(LQR) for to rotorcraft BO-105C and the effects of
the handling qualities is analyzed change to weight matrices of the Q and R.
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Table 1. Handling Qualities Requirement

Short-term response to control
§ 3321 inputs(bandwidth)
§ 3.32.3 | Mid-term response to control inputs
§ 3.3.4 | Large-amplitude pitch attitude changes
T
e § 3.34 | Large-amplitude roll attitude changes
(0]
- Short-term response to yaw control
Qo
= § 3351 inputs(bandwidth)
i § 3352 | Mid-term response to control inputs
o] . .
2 § 336 Moderatefar.nphtudelheadlng
Q changesl(attitude quickness)
(é) § 3.3.7.1 Yaw rate response to lateral gusts
S | s 3391 Yaw due to collec_tl_ve for Aggressive
o agility
§ 3392 Pitch due to roll and roll due to pitch
B coupling for Aggressive Agility
§ 33.103 Vertical axis control power
§ 3.3.11 Position Hold
§ 3.4.1.1 Short-term response(bandwidth)
- § 3412 Mid-term response to control inputs
o . .
% § 3452 Roll due to p@oh oo_ulphng for
3 Aggressive agility
é—“. § 3.46.1 Small—amphtudel roll attitude .response to
= control inputs(bandwidth)
o Moderate amplitude attitude
fo]
% § 3462 changesl(attitude quickness)
g § 3.4.6.3 | Large-amplitude roll attitude changes
T | §3472 Turn coordination
§ 3.4.9.1 Lateral-directional oscillations

Rl IHY FFr =54
MATLAB/SIMULINK %7 o}
Wsidon, 23544 Brt &5 wep 4z
HrtREE AEstac. AdE 2EEE2 GUI
A SEFENCH B Hr z2O8e o
JAEHE 52 u&/[dz0uE Hrb s A

dlsle] 224 WIS Zesly 1 7—1J,1r§-. B

¢

o

A BEE 283t RyA=E HTML 9 =92E
e, a2 ®U|ste] HEAH H IEASE =
d F 9o F8F2 HU AYPS F F 9o
Y &g =Fo AAE LQTIA7] #qt oy}
o2 v Ao dugEe AL T2l A FE
of ElME =FA B7IF 7Hssith Fig 2+

B ATFolA g 74 B e WUk =
218 e

Handling Quality

Auto Fllght Evaluatio List

Initialization

Input data Eoa ]

Output data
Input data Validation |  nun

® Roll Pitch Yaw

Hovering Flight Evaluation List

21 wRs 22 =

-CS.F 00150 Hover PitchiRall
[FCS-FQ-0160} Hover PiciRl
[FCS-FQ-0170] Hover Pt
[FS-F0-0120] Hover Pit

Handling Quality

Handling Quality run L J

A A ST

Result

Result Graph

Status Window

Result Save

‘ ‘ Result Report [ Repon |

Fig. 2. Evaluation Program for Handling
Qualities

Hovenng Fllght Ewvaluation List

| Damping
itude Range
| Attitude Range

2.2 2ITHH 215 =2
za=TLAHETE
sy o= =2
z.65 21X |X

Fig. 3. Hover & Low Speed Evaluation List



945 4 B 5 BE, 2017. 5. LQTIE o|&% A FAdF 34T 234 s Y% 397
A A 4= 9t Attitude Command/Attitude Hold Response-Types (ACAH):
Figure 3& SH/A<% ula) Briel &9 F5 o
o2 popup list FHE M= st T e
AAAQA GUI FAL AZdAHo 7 Algo] HF s} |§i|dE ’ oM=6dB
EE ZE TAE st s QoA AHEE 5 BeFrorty ™~
-10 ‘
A Auig 7hekstA Al =3k, | \\\
20 |
34 =EAN Hot Wy 0 |
\
ZFAH Hrlele A FIFd o3 SEH }
A digk SEo R YFolx glom Hrt & 0 1
o] wet Frequency sweep, pulse, step, ) N e
doublet ¥Ho =2 YA 480 - | T
34.1 A2t 3& e i
ARERE AMATH A5 HolHE 35 “ E—— =
(log scale)
stal A g AAREE S 2FAHS .
Hrtete Wolth. AAWste] dadt =2FTYE Fig. 5. Definition of bandwidth and phase
2 HYFHAA g2 HJeHE FF3A HE delay
oo sl =F U A HA = FHAFE
3}

of o3 dojus AA WBZH(A¢, AG, Ay)
Zr&s W3 Ap, Ag Ar)2] Zt peakX| ol A 2] =}
Az &) AU HLEFge 530
ojufe] Al Ze FFHo| ¢ 5~30°°d, F=
< 10~60°°] el Qlofof 3t FIHE & o

FRE Az &R dHolHE HEoR
ADS-33E0l Al A|AI8t= B7bakEel] ghA %A
< B,

TR 3AY 7]l Frequency
sweeps  SI7Fste] @57 -SH(Short-term
response)= H7Fstr] #fs) AHSHET. 53 A
<] }\])\Eﬂo] §]z<j_1 FE7| = AZFG oA &)

| A&d ol &

—_ Aepk (A¢pk) [A‘Upk]

- Aemin (M-)min) IAWmin]

Time —

Fig. 4. Definition of the moderate amplitude
criterion parameters

o

ATHII.

Frequency sweep< <1713}
& FFT(Fast Fourier Transform)
d5s dZat FFTE A7

[}
71E

=y
a

T g9os WHII T

o|Ae 3IA

g X(f T

*dEE %—EH ol

AdE

By A zo

wBW

phase

CRCEE
A [e]
R h=3

el g
e %
T

ﬁﬁwﬂ%ﬂ
o e obesh 2ok

:Jj;tﬂ'o

At}

fx

+ compensatory tracking®@ #-2 7|43l
g Fdst= A #A-™ol

FF7] SE
0.1~2Hzol™ 3]

[e]
zg‘x—l = jé]

=
Rem FFHom
5—%?33%‘?_] frequency sweep%
61-5'—7] oﬂ

e gerd 4
ae  udse
Vg Yol 2
s Ea) a2
gofe gL
A%el A7

B=

e .

I

finite Fourier

(15)

AY5E Fig 59w

Ag2uwig,

T

A g

P 573 Quwg)

'I T‘J’]'T Wpw Q]— O]"él:_

= 135°d o, wm

Ae THAM 94

(16)

phase

< -180°¥ TIH/] Al

ADS—33E9] MTE°ﬂ% 7—.‘ 9&&7&01] Q7=

oo
o H=

Response-Types) ¥

B

gl

[e] —
7(:3] T Wy =

4 =3 H(Rate

Opmw,,., < CBIn,.

o]H, ACAH(Attitude Command/Attitude Hold

Response-Types)+

=l

Wpw =

=
WBW e =

e 3 of g



398 ogdl - A

nm
S

i R i 7 T B e

V. LQTI Mo{7| & M88t =T
Bt Algaol

of 3 0]—":‘"4- frequency sweepS HF F

7} 2Hz7F HES 5x Fo 2FUEe FIL
LQTI Aoi7]e] el tizh F& Qa} Aol 4
iz B Ro 7HEAC we deAs 74
Aol #3719 =FTAHS HUbstAT AAZ
2k ¢,,0,,9,2 Aol o] 5 Fho] ZFAtol whet
o Fo] ol FUtetA e 9dAde] Hit=
Atk ©]& Fig. 69 YEtAT. AAZ 2419

Ay /qsf,/e [l A 15 gol 2w

_lﬁéél-oﬂ

(

d

of whel mla& NF A e G| SHEe| o
Targel Acquisition and Tracking (pllch)
0.4 ———————
P
// .’/
0.35 P /
A 3
0.3 Level 3 / P
—_ P
© ~
¥ o025 Level 2
‘;; D/ / 7
T 02 a Level 1
5 i/
/
& 0.15 f.-"
0.1
0.05
0
0 1 2 3 4 5

Bandwidth (radfsec)

Fig. 6. Effect of angular error on the LQTI
controller

Target Acquisition and Tracking (pitch)

0.35 ) b A

0.3 Level 3 -

0.25 7

0.2} }/ v Level 1
4 ..."

Phase delay (sec)

o 1 2 3 4 5
Bandwidth (rad/sec)

Fig. 7. Effect of angle error integration
on the LQTI controller

0.4

0.35 / A

0.3 Level 3

0.25 pd

02 7/
(=}
/O
S i
m}
a
1

Level 1

Phase delay (sec)

.1

0.05

2 3 4 5
Bandwidth (rad/sec)

Fig. 8. Effect of input gain on the LQTI
controller

HZyl QA ALY Wiles = @gfon o

Fig. 7o) JEPNITE Ao} Qo] Z71ao] met
AR AL aste AL HAOHW Fig 8o

UFERA AT
42 715X dE Q2 R 2 =24

A2 xpet ApAZE 2
of ¢ Al W3 AFS F3l ﬁo#oi Al
7HA ZA§ LQTIS] 7hsA FES HlweoH
1 e Table 20 EAISAUTE Qe &E,
Qe AEE, Qo AAMZAY 22 Quone
A Zke] x| A Fo] 7hEX| sYEo|t)

case 18] A% Q% R 7MFXE ZA FAL&
acin Ay Uﬂej"ﬂ/ﬂ ZFEE ot ZHA|
A0 i o
case 32 &L, AAZ
o] oAb, AAMZFe] ek HEH Aojdgd 7}
FTA & ?91"4—. Fig. 9+ case 1, 2, 39 =F9H

S =AY case 19 7
T 7tsAE BT sdsiA A5 Hover
Pitch Bandwidth 3= 33 LEVEL 3 #H71&
okt case 29 A AAdHe TtEA=
casel?} FA3HA st om AAMZe] a9} A}
Azte] exatke] AR gholl 7hEAE A L3t
ZE tiZ dE QY JEAE FVHAIFLEA
A Aol FFAasta g Zo] Frtetden =
4% LEVEL 2% H7}E It} case 3& 33 R
<] 7]"6‘7<]% THaAA Aofdgo] HshA| Al
AAstRon Q FFo Ao tht 7tFAE
a#Egoen 2FEAHLS LEVEL 12 H7lE At
Q dE R AHEY 7fsH o WE =T 19
Z = Fig. 100] E=AstG o Q JHo dFo=



FENENEF 2348 BHE AF - 399

45 & 55 9%, 2017. 5. LQTIZ ol &3 3AY F9
5 Input Vs Output
T T T T T il T
_;"/ \\ / L'\I ‘I.f’l‘ = _Io" . II
P | [ irimecs Il
/-" { I\ | ‘I Output case3 ||
;‘" I\' \ ‘I | I‘ | ] I
1/ '|‘ f ‘I et [ ! | | &
/ | A A N O
s |/ | | ree 1A ] | |
EXl | I'r | || [ ! |11
Z ‘. il el W U st
I‘ [ b =1 i |
At Vo A A
| b o) ) |
I | " I\ l L1l |
i I \ [ ] EIRE
[ \ | |
\ |/ | | 1 |/
3 . | LA L ¥ i = SRR
o 05 1 15 2 25 3 a5 4 45 5
Time (sec)
Fig. 9. Each pitch axis response in
accordance with control input
- Target Acquisition and Tracking (pitch)
;LEVE|23
0.3s >, Level 1-2
_,/ O HQcasel result
v HQ case? result
0.3 Level 3 gl #  HQcased result
§ 0.25 //'/ Level 2
3 / A
g 0.2 EV Level 1
& / ;
§ 0.15
01
0.05 *
D 1 i i
o 1 2 3 4 B
Bandwidth (rad/sec)
Fig. 10. Comparing handling qualities
according to the Q, R weight
Table 2. Control gain of weight matrix
for the LQTI
Q R
case . .
1 Q.2 ¢ 1 R0l
Q-1
. 3
case | @i~ :1/0.1 R
2 £ 1/10° b
Qi
Q- 12 1/0.1
Q.51
. 3
case Q4~6' 1/01 R 1/100
3 9 1~ 4 -
Q.. 4:1/10
Q- 12 1/0.1

Table 3. Output parameter of Handling

Qualities
Bandwidth Phase Delay
(rad/sec) (sec)
case 1 0.7498 0.2027
case 2 1.7496 0.0998
case 3 1.9995 0.0592

case2®] 7§ g ZFo] Frtstar fgAAel o

3 AL ¢ F Ao case 39 H$ R

o] JFOo T case 2H T} YAA Ao 7F43E}
=

LA
AT
V.Z &
71E 7 A a7l tEd 2TAHS H
7V 4 A+ Conduit?d 22 A& Eo] 4HGA
of &&o] Ha At spARE FQl IH] FF
Zloll H3k 2F4dS Hrlste 48 2 o4 mt
dEA sken =FA H7F AlElE WA @S
Folth. B =&ollA+ BO-105C ¢ 339
Fd3715 79 Fdd@dTII=E JHAs AL Ed
a 718k LQTI AAA 1 71E A &3t 21 3A
o] g7l 2EAL HIISIATE ADS-33E F
4% Fae AAste =4 HI7 FES A

Astdom 1 F Short term response to
control inputs(bandwidth) &l ik FLaF
=34 B7te FdsNe 7teA dE Q9 R
o] kAl WE IS v 9 EA4SAT
FE QY TIgAE IVHIHS A dgFol
s7kstglen @E Re| 7HA Fas A4Ad
< 2N webs gE Qe R A AR vb
FTAE wiEste] a3F < 7l I a7
A7t 7Hed Aoz AEFATh EI MATLAB
GUIDERA A =34 B71d5 e F<l
A Ferl =234 B Z=ads NEEA
o =F4 Hld 87FHe dES AHE
Brtde=n =F43 45 a7 a3t
Ao 28l defugE BHtp §olstA 5o
2H 5 A 7] Ao =" el )
of ANzt Hlge Ha3 & g e AR T

e

AL o



400 olFR - AARE - 25 - G54 - ANE - AHNY - AsT AT 2 e B
= 7| Assessment of Handling Quality for Unmanned
Rotorcraft,” The Korean Society For Aeronautical
_11% o‘jjll}‘f %]El]-]:H iﬂ"ﬂ iL%od_—rLH] Oﬂ 9/]‘3]] X]'OL And Space Sciences, 2010, Pp- 1418~1421.
He 5) Liu, H.,, Geng, L., and Yisheng, Z., “Robust
=

References

1) Kang, Y. S, Park, B. J, and Yu, C S,
“Current Industrial and Technological Trends in
Aerospace," Korea Aerospace Research Institute,
Vol. 4, No. 2, 2006, pp. 55~67.

2) Kim, J. H, Oh, G. R, Choi, S, Kim, M. J,,
Ahn, I. G, Park, J. Y, Hwang, C ], “The
Current Industrial & Technological Trends of
Rotorcraft in the World," Korea Aerospace
Research Institute, Vol. 11, No. 2, 2013, pp.
12~23.

3) Jung, H. H., Hong, S. H,, Kim, D. M., and
Suk, J. Y., “Assessment of a Longitudinal Axis
Handling Qualities for Unmanned Rotorcraft
Using ADS-33E,” The
Aeronautical And Space Sciences,
314~317.

4) Jung, H. H, Jung J. I, and Suk, J. Y, “A
Study on ADS-33E with Application to the

Korean Society For
2009, pp.

LQR Attitude Control of a 3-DOF Laboratory
IEEE
Transactions on Industrial Electronics, Vol. 60,
No. 10, 2013, pp. 4627~4636.

6) Kim, J. H,, Jang, Y. J, Lee, W. C, Kang,
G. T, “Adaptive Fuzzy Control of Helicopter,”

Helicopter for Aggressive Maneuvers,”

Journal of Korean institute of intelligent systems,

Vol. 13, No. 5, 2003, pp. 564~570.
7) Park, B. ], Hong, C. H,

Adaptive Control of Unmanned Helicopter

“Nonlinear

Using Neural Networks Compensator,” The
Korean Society For Aeronautical And Space
Sciences, Vol. 38, No. 4, 2010, pp. 335~341.

8) Park, S. U, Kim, Y. D., “Robust Control of
a  Small Unmanned  Helicopter = Using
Model-Error Synthesis,” The
Society For Aeronautical And Space Sciences,
2011, pp. 180~185.

9) United States Army Aviation and Missile
Design  Standard
Performance Specification Handling Qualities
Requirements For Military Rotorcraft, USA, 2000

Control Korean

Command, Aeronautical



