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Abstract

This technical paper describes and summarizes the flight test results for the longitudinal
and lateal-directional dynamic stability characteristics. The target aircraft is the 4-seat
carnard type aircraft, FireFly, which has been developed by KARI. Airborne sensors and
real-time telemetry system are constructed to obtain the flight test data. The dynamic
stability characteristics should be analyzed and tested by estimaitng the aerodynamic
parameters in the dymaic equations of motion. The maximum likelihood estimation
technique has been applied to the flight data from chirp, 3211, and doublet control inputs.
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Q. HEAIR EEE 2 AEHS (2000.10.8)

% = (kts)

TN1  |Power-on stall 120

TN2  |Dutch Roll = Chirp(rud) !

TN3  |Dutch Roll = Chirp(rud) !

TN4  |Dutch Roll = Doublet(rud) !

TN5  |Dutch Roll = Doublet(rud) "

TN6  [Dutch Roll = 3211(rud) "

TN7  |Dutch Roll = 3211(rud) '

TN8 |Dutch Roll = Chirp(ail) !

TN9 |Dutch Roll = Chirp(ail) !

TN10  |Dutch Roll = Chirp(ail) !
TN11 |Dutch Roll = Doublet(ail) "
TN12 |Dutch Roll - Doublet(ail) 120
TN13 |Dutch Roll = 3211(ail) '
TN14 |Dutch Roll - 3211(ail) '
TN15 |Dutch Roll = Chirp(rud) 90
TN16 |Dutch Roll = Chirp(rud) !
TN17 |Dutch Roll = Doublet(rud) "
TN18 |Dutch Roll - Doublet(rud) "
TN19  |Dutch Roll = 3211(rud) '
TN20 |Dutch Roll = 3211(rud) '
TN21  |Phugoid "
TN22 |Phugoid "

FASAH o159 Afe F
FASA (CGY Wyt fvkar 7Hg st
gz A9 gk 127ty vy FPE T3
100 b AE7F HaEHH, oju Feo] W3l
o2 CGY W/t A9 ity AA wd Aol A
% 9 FATHS 54 247 2884 b o O
3 C.GE 129.1 in°]i 2,796 IbolA 12913 inE
88 1be] A wWslol thaljA] 0.03 in®] FAFA
o] $1x zel7t Uk ole AAE AFHAY
AA7F vt E e FAFAIH HX8H7] Wi
o2, B vgAFE ZE HPAFY ol
EgZo tisf 129.1 in9 FAZTAGES FL

190z rfu

Korea Aerospace Research Institute - 107



P IE M9A M2

E 1. H™AIY sREE 2 AIEHS (2000.109)
Test No L3 2 = (kts)
TN23 Dutch Roll - Chirp(ail) 90
TN24 Dutch Roll = Chirp(ail) "
TN25 Dutch Roll = Doublet(ail) !
TN26 Dutch Roll = Doublet(ail) "
TN27 Dutch Roll = 3211(ail) "
TN28 Dutch Roll = 3211(ail) '
TN29 Power-off stall !
TN30 Power-on stall !
TN31 Phugoid !
TN32 Phugoid !
TN33 Short Period = Chirp(ele) "
TN34 Short Period = Chirp(ele) "
TN35 Short Period — Doublet(ele) !
TN36 Short Period — Doublet(ele) "
TN37 Short Period - 3211(ele) '
TN38 Short Period - 3211(ele) '
TN39 Phugoid 120
TN40 Phugoid !
TN41 Power-off stall !
TN42 Power-on stall !
TN43 Power—off stall 120

TN44 Power—on stall

TN45 Dutch Roll = Chirp(rud)

TN46 Dutch Roll = Doublet(rud)

TN47 Dutch Roll = 3211(rud)

TN48 Dutch Roll = Chirp(ail)

TN49 Dutch Roll - Doublet(ail)

TN50 Dutch Roll = 3211(ail)

TN51 Phugoid

TN52 Short Period - Chirp(ele)

TN53 Short Period — Chirp(ele)

TN54 Short Period - Doublet(ele)

TN55 Short Period - Doublet(ele)

TN56 Short Period - 3211(ele)

TN57 Short Period - 3211(ele)
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¥ dp(knuts)
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B BPAY golHe B4 Tz K-FDAP

(KARI - Flight Data Analysis Program)< €&

o 2 (1) #Zo] BoH 224 R FF7] RE
AFAHatel ngFoee DIAFE ol
F57] A1 E43E 1 20 HYstanh
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y(t)=Ae " sin(w, +¢)+ B+ Ct

clolef (TN-32,90kts)

At L 62 ¥
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(wd:wph\/]_gz» o= pha)phg)
% 3. &HF7| 2= BM Z3
Test No | A B © ¢ é’ph Q,
o0 | TN21 [ 5.9 400 [ 0.0070 [ 120 [0.07 | 0.25
o | TNGT |55 [ 4.05 [0.0080 [ 1.25 [ 0.08 | 0.27
s TN32 | 6.0 | 5.30 |-0.0020|-0.83| 0.08 | 0.26
120 TN39 | 2.0 | 2.50 |-0.0015] 1.30 | 0.12 | 0.19
K TN40 | 8.5 |-0.30| 0.0270 | 0.90 | 0.16 | 0.19
S TN51 |1 3.9 2.60 |-0.0015] 1.50 | 0.11 | 0.20

B

CHEAR SRS 0188 BB SUEA HBAIE

90, 120 knots 1§ &M 2} 334 o|F
oA AgolAel WA AF5e) HEGE T 4
o por, WALEs} S7he) we} gaue

625% Z7telal AFFE 46%AE i o
Z
ey

90 kts 120 kts
¢ o | ¢ | o
Hogt 0.08 | 0.26 | 0.13 | 0.19
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@ o 20 e ol AR AT
o [71(8].

dwdoz $% 37 A¥ANsPe O
B g Feo FuggAn Fggse

= Ax +Bu
y=Cx+Du )

Korea Aerospace Research Institute + 109



P IE M9A M2

o714 xeR",ueR" = 7
AFE v, el
v e 2t

=7
T E

379 $EL BUAE AFE HAY @

AN WA (small disturbance) ©]&
S AE3td FF AHWAYS ofet 2ol
FES & Aok (£,,2.%0 747)
[ox, X, 0 -g|
&
Z Zy roo|”
_ ) U, a
# M oMy My gy g |4
U, U, 0
0 0 0]
ok T
Za‘,;
U
+ ! [SE] 4)
MyZ;,
M55+
U(J
L 0 .
a9 58 62 ©FV] RE HPAF & F
chirp ¢ i3] 54 vA g dole 9 1t

ghulg 24 232 Yey, doublet 2 Y4
of that HIPAIY vlolef e} geprE FHH A=
7247y 29 77 89 JER AT

rl
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Time(sec)

AOA(deg)
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110 - 312835017

P-RATE(degls)

PITCH(deg)

60
Time(sec)

O 6. melole 7 vI@AI cllole (TN-3390kis)

sg(deg)
D
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b
)

time(sec)

a7l 7. metole F- 23} o] (TN-3390kts)

44 Tefole £ HBAY A 24

& 59 62 90 kts} 120 kts Z7oA FHH
G371, ZF719] S-S A A=, chirp
doublet, 3211 ¥ ZtZo] s FAHE FEn
AsZEY S48 78 & o 235 4
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5 &F u2folH 8 24 A1} (90kts) 6. &% u2fole =8 24 Zot (120kts)
Test No é’sp @, Cph @, Test No é’jp o, {ph @,
TN33 [0.5067 | 3.3012 | 0.0764 | 0.2566 TN52 |0.6109| 3.1878 | 0.0548 | 0.2123
chirp chirp
TN34 [0.4775| 3.4177 | 0.0864 | 0.2489 TN53 |0.6522 | 3.3169 | 0.0768 | 0.1989
TN35 |0.5857 | 3.2263 | 0.0336 | 0.2440 TN54 10.6362 | 3.5650 | 0.0504 | 0.2075
doublet doublet
TN36 |0.6964 | 3.1742 | 0.0682 | 0.2543 TN55 |0.6300 | 3.5749 | 0.0632 | 0.1940
TN37 10.5498| 3.2113 | 0.0348 | 0.2514 TN56 [0.7318| 3.2746 | 0.0563 | 0.1898
3211 3211
TN38 |0.5624 | 3.2521 | 0.0398 | 0.2417 TN57 10.6463 | 3.4160 | 0.0474 | 0.2036
gt 0.5631 | 3.2638 | 0.0565 | 0.2495 ga2at 0.6512 | 3.3892 | 0.0582 | 0.2010
H 7. 5% T2 3™ o[A =AY
90 kts 120 kts
chirp doublet 3211 =Ry chirp doublet 3211 gz
CDO 0.1220 0.1017 0.0743 0.0993 0.0612 0.0542 0.0522 0.0559
CL(, 0.0693 0.6862 0.6235 0.6687 0.4604 0.5124 0.4882 0.4870
CDa 0.7023 0.6922 0.6293 0.6746 0.4635 0.5157 0.4915 0.4902
CLa 5.9267 5.7266 5.1290 5.5741 5.5982 5.4575 5.7142 5.5900
CM&& -2.9660 -2.8833 -3.1961 -3.0151 -3.1716 -2.7338 -2.7346 | -2.8800
CMa -0.1088 -0.0982 -0.1045 -0.1038 -0.0732 -0.0774 | -0.0687 | -0.0731
CMq -4.3327 -7.6241 -5.6803 -5.8790 -3.1523 -5.1033 -5.1083 —-4,4546
CDM 0.2352 0.2496 0.2564 0.2471 0.1404 0.1451 0.1476 0.1444
CL{SE -0.7287 -0.7990 -0.8302 -0.7860 -0.5672 -0.6125 -0.6007 | -0.5935
CMJF 0.0727 0.0760 0.0838 0.0775 0.0886 0.0860 0.1008 0.0918
é’sp 0.4921 0.6410 0.5561 0.5631 0.6315 0.6331 0.6890 0.6512
a)sp 3.3595 3.2002 3.2317 3.2638 3.2523 3.5699 3.3453 3.3892
gph 0.0814 0.0509 0.0373 0.0565 0.0658 0.0588 0.0519 0.0582
W, 0.2528 0.2491 0.2466 0.2495 0.2056 0.2007 0.1967 0.2010
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v dp(knots)

@

P-RATE(degls)

PITCH(deg)

o & 10 15 20 25 30
Time(sec)

T2 8. u2jole 4 s|>AIR HolE (TN-56,120kis)
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FaN
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10 15 0 % 0
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$ ;v
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2
B0
§ o
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1] 5 10 15 2 % 30
time(sec)
a7l 9. metole F 23} sl (TN-56,120kts)

5. Hurats SobEA HUAY
An o 2

dntz o 3a7]o| PeEe-5 (lateral/ directional
dynamics)oll= HXE EE (dutch- roll mode)<} 1}

112 - 31283250178

A3 TE (spiral mode) @ & EZ (roll mode)”}
Z7)3t}. FAR Part 23 1A YAE HXx&E RE
of gk A 7IEL Bk AA Fon,
olgig SARES0 HA3] ZaEojol Irhal
A Ao Uidd 2 & BREs AFsHA
a Ik e £ 549 2E B 59
44 AdMe 74 41, gAE RS
FAst FAE AT T3 VAR 2F 9
82 chirp (frequency sweep), 3211, doublet =
THAHS ARgEen, detey F4
MMLE 718¢ A83 39 sA5ES 33
3t gk (eigenvalue)S o LfFFI¢ Y
HFs Tl A% EAHSAH

51 Ox|&8 2E H8AY 2l

Co & <, % ZZ;;S[I; ) gcoso,
U, U, U, Uy Irp
A C,qsb  C,qsh C,qSh ) p
& I, 21U, 21 U, r
C,asb  C,qsb’ C,qsp’ ¢
I 21U, 21U,
|0 1 0 0 |
; C,, qsb
mU,
C,asb C, qsh s
T, I, [ 5} (6)
C, b C,qsb|" "
]:: Izz
L 0 0 J
a9 9= HIPAIE FE F 3211 Y dis)
g5E HPAR HolHE YeiH, 1¥ 10&
49 sEg B8 ABod & Ael
@AY wlolEshe] MmAne et



SN FHYES 0136 E357| SUHHY HIHAY
10, e FAY 39 oA FEAD
90 kts 120 kts
chirp doublet 3211 B chirp doublet 3211 5

Cy/j -0.6597| -0.6892| -0.6982| -0.6824| -0.4525| -0.5117| -0.5284| -0.5102

Cl/j -0.1296| -0.1398| -0.1423| -0.1372| -0.0624| -0.0663| -0.0708] -0.0679

CNIJ 0.0555 0.0538 0.0636 0.0577 0.0359 0.0347 0.0391 0.0371

Cyp -0.0021| -0.0021| -0.0021| =0.0021] -0.0021| -0.0021| -0.0021] -0.0021

C[p -0.6366| -0.7132] -0.6798| -0.6665/ -0.4706| -0.5176| -0.5798| -0.5409

CNp -0.0629| -0.0679| -0.0671| -0.0660[ -0.0460| -0.0494| -0.0526] -0.0505

C’_ 8.0126 9.9325 8.5233 8.8228 6.1787 3.4434 3.6109 3.9803

Clr 0.1413 0.1149 0.1327 0.1296 0.1128 0.0917 0.0931 0.0959

CNr -0.0886| -0.1090| -0.0970] -0.0982| -0.0386| -0.0674| -0.0694| -0.0636

Gy, 0 0 0 0 0 0 0 0

Clé'a 0.1285 0.2402 0.2529 0.2072 -0.0175 0.1132 0.1185 0.0940

CNaa -0.0035 -0.0040| -0.0039| -0.0038| -0.0016| -0.0020| -0.0022| -0.0020

Cy§r 0.2238 0.2232 0.2192 0.2221 0.0136 0.1582 0.1677 0.1639

C/o‘,- 0.0174 0.0212 0.0192 0.0193 0.0090 0.0109 0.0123 0.0113

CNdr -0.0464| -0.0668| -0.0490| -0.0467| -0.0283| -0.0343] -0.0332| -0.0327

gDR 0.183 0.2289 0.1923 0.2035 0.1244 0.1802 0.1765 0.1690

Opp 1.9694 1.8767 2.0804 1.9755 2.1395 2.2151 2.2105 2.2002
£ QZI*\L ,,,,,,,,,,, o o —
3. - :; Ly —
. Time(sec) : 105 5 10 15 ) %
2 S S S - ) A
=15 5 10 15 25 E) s .//

Time(sec) 2
i 20 0 Tim;?sel:] 20 2! 30 ;g . \r/ \V@\
Time(sec) z

= 5 E‘ 0
g, N e /\/\/\W% ¥ S/
’é ,SW \/\/\ ) 5 10 1 ) %
:— o 5 10 Tim;?se':] 20 25 30 0
;-:'1 20 gin %
E 22 [ \/[\ Bhilie s -‘mn 5 0 3 » %
= 0 5 10 I 20 25 30 P
2l 11. m2jolef = d[>dAIR dllole] (TN-19,90kts) T2 12, mato|e F8 Z3 d]m(TN-19,90kts)
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5.2 melole FH HYAY 21t 24

¥ 8% 9% 90 kts¢} 120 kts Z=HNA FAH=
Hx& Rt 543 B 2o =2, chirp,
doublet, 3211 ¥ Zzte] disl] FHE FHn
AFZHEH B4R 78 & Stk 29485 24
3 HY £x7F AR wet tXE EE9 Wy
Hasta AsFe S8t AEFS UE AT
HEeHo2 49 A4Y 7Y vAFEZRH F
A9 FEnASE £ 100 st

I 8. dEes m2hnlH Y =4 22} (k)

Test No §DR Wpp
. TN15 0.1753 1.9854
chirp
TN16 0.2033 1.9533
TN17 0.2220 1.9059
doublet
TN18 0.2358 1.8478
TN19 0.1953 21117
3211
TN20 0.1892 2.0490
gt 0.2035 1.9755

9. gefe= mlElnly £ 24 22 (120kts)

=

Test No Lo Opp
chirp TN45 0.1244 2.1395
TN5 0.1938 2.1991

doublet TN46 0.1666 2.2311
TNG 0.1682 2.1695
311 TN7 0.1772 2.2382
TN47 0.1841 2.2240
B 0.1690 2.2002

6. 2 E

114 - 33325017

4% 2% 2 g 2
2 ERESY I4F0RE D WY 5o my
e BEHGT,
= 7
AREES TolFal BATED e w0
gt mGA g opgle Ae AT FiY
w5 A=Y
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8% /25 4%
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Al 9%, 2009, pp.931-938
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A, Ay 78 HPAF %
383 FA8&EwE 3], 2009, pp. 1017-1020
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Appendix. Maximum Likelihood

Estimation
HAoea 2 Agalde FAA Ze vA
W go] BAE Ao spFsta o] WY ¥
THE FEA 27 vEe F e FES MR
274 & F e goez dYste Ao
éMAP = arg(é) mgxP(é |2)
P 2) = P(z]|0)xP(0)
P(z)
5, 7HEE 0o tig SA4A Z9 xPdELE
34> (conditional probability density function)&
HANZ st= 67 HAUEae] JhdelA HHA=
A

6 =are(@)min| ~logP(d| )|

HEst7l AsiHe AR
(likeihood function)7} 7 ¢]¥]ojoF &} &
1

2459 B

oo o [T
e o &

oA e N o

o
o HAAYrE Aolstel AHgHT.

logP(8)] 2) = logP(z| 6) + logP(d) + log P(2)
éML = arg(é) m&'n LLF(é)

=

! 1

P(z10)=
1(27)" det(RR) |

expl- SRR 53

LLF(0) = S{RR" )" 9+ %log detRR + %logbz

o7|M, J= FEo] thgt o] = o] (innovation)

9]
=
<
ES

TEAeR, 9 4o AN dHHTE 28
SEZ Fegs Edste SAHAANZRH FEHE
(state variable)7} 574 ¥ ojof gt}
2 =Ck +Du,
o=z, - 2,
RR" = E[ 98 |
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