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for the Flight Characteristics of a Light Airplane
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Abstract

In this study, for development of the MDO (Multi Disciplinary Optimization) framework, the flight dynamic
characteristic parameters of the ChangGong-91, a light aircraft, were extracted by an analytical method based
on various semi-empirical methods, and the flight test method was compared and evaluated. The
semi-empirical analysis methods for comparative subjects were the Perkins method, McCormick method, and
Smetana method. The major stability/control derivatives and dynamic factors were calculated, using each
method. As the comparison criteria, the flight test derivative estimates and dynamic factors were processed,
using the output error method. Additionally, the flight characteristics of the light aircraft were analyzed and
evaluated according to the provisions of the Korean Airworthiness Standard (KAS) of the Ministry of Land,
Infrastructure and Transport, and MIL-F-8785C for the U.S. military.

-

2 AT = MDO ZH el s flste] ohekst =R E A el A A A wHoR A
Hl 7191 F¥-919 vladles 54 Iev|eE FE HPAIY B 7]Fo® vHluste] FHrskd
o} vl e =43 A A #H-E Perkins W, McCormick W, 18] 1 Smetana W o], Z}z}19]
UHls Estel T8 MFA/ZFTAA vATe s AlTE AAESth ol dig vl 712 v A
A Fste] FHE5S HolHERH EE’—:?EZ]'HL@ g&ato] vdeE vATe) s ATE F=
stk ofgel  AwnlEdrIel vlASAES YUt FEREFHFY F¥7]71E7]F(KAS,  Korean
Airworthiness Standard)®] &3} 7] -89 MIL-F-8785C%] 7]s=0.2 #-A1sle] H7}s}3itt,

Key Words : Light Airplane(“3H]3}7]), Stability and Control Derivatives(3td % ZF ®]7A|5%), Flight Characteristics
(M & E4), Semi-empirical Analysis(57 &4 #47), Flight Test(H] A1)

.M = dAE A% L AFE o RH PHR FEAY
o S dSsh= o] dadtth. ol g A
NI B s A BE LI E L ]
BI7IS AR 2FL LA RARNE B gy agoy auolel SHEAL ETHE 23 7
T2 A A A= B } = 518
SIS AL AT G A 2TE e gzg 4 g e g/2F A4S, 59
54 vASE AsaA dZat AL olaA o
T Corresponding Author - ~ ] i
Tel: +82-42-860-2291, E-mail: karier@kari.re.kr of o5 7|Eow A&7 %E 1]
© The Society for Aerospace System Engineering HoAG3e] o)At 7)ol FE-919 H3A|E do]E]




2 ol HF
ZXE MLEModified Maximum Likelihood Estimaation)
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UTH3]. we FF-91d o FAFH 55 9s) Aircraft[11]e] SA=E R on 7 AYE Table 19] U}
o e vIPAES Tt H5S doHE A BRI AT,
gk dxpel Adel uigh AF[4], HFAFE] A
At & 5 e S5 2 u=A 24 o o Table 1 Specification of ChangGong-91
7151, 2 2¥Fge7] 7erlee] 2% F sl _
_ — _ ~ Items Design Value
v %] 2FHd gisk AF[6]E FgH v Q). Length 551 It 77 m
MDO ZH AN M-S sk Anjar]e] nPEA Width 33.5 ft 10.2 m
< B8] gt A9E AEste uds Wi Height 8.8 ft 2.7 m
3 Wrlh "adttd, oo wEl B dFoM: Empty/ Weight 1,826 Lbs| 830 kg
. . - Max. T/O Weight 2,700 Lbs | 1,227 kg
o] wurw 1w
Perkins®} Hage®] * u[7]_, McCormicke] Xﬂ/\]?__ EA Engine Dower 200 1P
[8], Z1¥]al Smetanadll &g WH[9] 5, thFS dlo] Area 160 2 14.9 m?
Huo] 2o ZAg FAFA WHoRE Audriel I MAC 58.2 in 1.48 m
F-919 Fo dHY/2FA MAFe $A4 AFE Airfoil - NACA 63,-415
FEAAC. oo ge FAYH WUOR F3W vl Wing | S3Pect Rauo !
Bow seluE HAAY WES Eoz o Ax Taper Ratio 0.7
LA = ow= JI— Swept Angle 0
£ Wrhete] HlaE ek, v g 7lEe i 3 Dihedral Angle 6’
J7b W7k @Brlolnw Saule] dws]s|es]E Twist Angle 3°
B 3
(KAS, Korean Airworthiness Standard) Part 23¢1 ‘%F I\A/f:g ?3?32 f_t 216448 m
.2 in 48 m
FEE7F WEN 1] M e . Liss
FEF7F BN M@7)e] W 71E71E A Horizontal| _ Airfoil NACA 0012
2 HgyEA FEg MIL-F-8785CS 2 &38le] Hlul o Taper Ratio 0.872
Jbsrein) Deflect. Angle| up 16" / down 4°
Area 14.3 ft? 1.11 m?
) MAC 39.5 in 1.00 m
2. &t st57]| Vertical Airfoil NACA 0012
Tail Aspect Ratio 1.38
Taper Ratio 0.58
Deflect. Angle L/R 25
3. 2 A
3.1 91zt 44
alfEe] Ankal-g=r(FAA, Federal Aviation

of ChangGong-91

Flight

Fig. 1 Snapshot
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Table 2 Phugoid Stability Requirement

Level Oscillation Requirements
1 ¢p > 0.04
2 ¢p > 0.0
3 Ty > 55 sec
Frol EerH(EAE wes) w2 A4
Z

L8k, J&J HI7F 0.048 Z¥shd 5 1013 0
& ZIetd FFE 28 Ewﬂ@ Ty Faol= b
el Al 27 HA g Z1Zo] 202 WAk o)
55% 5 Z¥etH G5 39 HD}

F=7)e] e E Gl we Table 33 #2 7]
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Table 3 Short Period Damping Ratio Limits

Category A & C Category B
Flight Phases Flight Phases
1 0.35 > ¢¢ > 1.30 | 0.30 > ¢, > 2.00
2 0.25 > ¢¢ > 2.00 | 0.20 > ¢¢ > 2.00

3 0.15% > (4 0.15% > (4

=May be reduced at altitudes above 20,000 feet if approved by the
procuring activity.

Level
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Table 4 Spiral Stability - Minimum Time to
Double Amplitude

Flight Phase Level (sec)
Category 1 2 3
A&C 12 8 4
B 20 8 4

Table 5 Maximum Roll Mode Time Constant

Flight Level (sec)
Phase Class
Category 1 2 3
A I,IV 1.0 1.4
II,11 1.4 3.0
B All 1.4 3.0 10
C I, 0-C1Iv 1.0 1.4
I-L,II 1.4 3.0

Table 6 Minimum Dutch-roll Frequency and

Damping
i -
Flight . n | Min
n wy | wy X
Level | Phase Class
C C*  |(rad/s|(rad/s
ategory
ec) | ec)
A(CO
&GA) I\Y% 0.4 1.0
A I,IV 0.19 1.0 | 0.35
1 II,II 0.19 | 04 |0.35
B All 0.08 | 0.4 |0.15
C I, 0-C,IV| 0.08 1.0 | 0.15
o-L,1I 0.08 | 0.4 | 0.10
2 All All 0.02 | 0.4 |0.05
3 All All 0 0.4 0

# The governing damping requirement is that yielding the larger value
of ¢, except that a {; of 0.7 is the maximum required for Claes IIL
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Table 7 Stability/Control Derivatives derived from
Semi-empirical Methods and Flight Test

Method
Deriva- Analytical Approach
tewlevs Based on the DB Flight | Normal
71\ | Method | Method | Method | Test Range [9]
(deg™
1 2 3

Cp | 555 | 5.55 | 5.40 | 4.318 40~70

C,. | -0.98|-1.06 | 0.77 | -0.657 | -05—10

C,, |-2.580|-3.224| - | -8.013 | -0.75—20

C), |-0.113|-0.112 | -0.154 | -0.065 | -0.03~-0.12

Cn’,f 0.0753 | 0.0068 | 0.0480 | 0.120 0.03~0.12

Cnm» -0.053 | -0.065 | -0.053 | -0.070 -0.06

Uor - 0.163 | 0.137 0.277 0.12~0.24

G, - - -0.018 | -0.041 | -0.004~—0.09
Method 1 : Perkins & Hage [7]

Method 2 : McCormick [8]

Method 3 : Smetana [9]
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Fig. 3 Longitudinal motions excited by stabilator

control inputs in the short period mode

Table 8 Dynamic Stabilities for Longitudinal Mode

Sem—emgmcal . Tolerance
Analysis Flight
mode | fatas
Method | Method | Method | Test | Method | Method | Method
1 2 3 1 2 3

wp 10.239]0.194 | 0.162 |0.257| 7.00 | 24.51 | 36.96

Pugoid| Cp |0.103 | 0.066 | 0.092 [0.083]24.10 | 20.48 | 10.84

Tpl/2 28.09 | 53.78 | 46.49 [26.41| 6.36 | 103.6 | 76.03

wg [3.041|5.619 | 4.695 [2.706] 12.38 | 107.7 | 73.50

Short 110,707 | 0.528 | 0.672 |0.794/ 0.38 | 33.50 | 15.37
Period
Tg,| 020 0.23 | 0.20 |0.32] 9.38 | 52.98 | 41.70
Average - 9.93 [52.98 | 41.70
Method 1 : Perkins & Hage [7]

Method 2 : McCormick [8]
Method 3 : Smetana [9]
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Table 8 Dynamic Stabilities for Longitudinal Mode

Serr;—lslny]:gcal Flict Tolerance
mode | fatas 1ght
Method | Method | Method | Test | Method | Method | Method
1 2 3 1 2 3
wp [0.239]0.194 | 0.162 [0.257| 7.00 | 24.51 | 36.96
Prugoid| ¢p [0.103]0.066 | 0.092 [0.083|24.10 | 20.48 | 10.84
Tpl/2 28.09 | 53.78 | 46.49 [26.41| 6.36 | 103.6 | 76.03
wg |3.041 | 5.619 | 4.695 (2.706| 12.38 | 107.7 | 73.50
Sh(?rt Cg 10.797|0.528 | 0.672 [0.794| 0.38 | 33.50 | 15.37
Period
TSi/g 0.29 | 0.23 | 0.20 [0.32| 9.38 [52.98|41.70
Average - 9.93 | 52.98 | 41.70
Method 1 : Perkins & Hage [71]
Method 2 : McCormick [8]
Method 3 : Smetana [9]

/2T vATe v AR, B 1, 2, 3 ZHhe
Perkins®} Hage®] "W, McCormick ¥, Smetana
WRjolth, :LFJ-L FF7) 5 A EFE5] A
omNY FEE 747t REd dfg Aol o] o
gk H A5 eI

Table 9 Dynamic Stabilities for Lateral-Directional

Mode
Sem1—emp.mcal . Tolerance
mode | & Analysis Flight
Method | Method | Method | Test | Mithod | Method | Mithod
1 2 3 1 2 3
T, |45.97 | 45.38 | 28.43 [55.59 | 17.31 | 18.37 | 48.86
Spiral
TSZ 31.86 | 31.46 | 19.71 | 38.52| 17.29 | 18.33 | 48.83
T, [0.241]0.156 | 0.150 [0.262 | 8.02 | 40.46 | 42.75
Rall
ry, | 0-167 [ 0.108 | 0.104 [0.182 | 8.24 | 40.66 | 42.86
wy |2.257]2.428 | 2.231 |2.342| 3.63 | 3.67 | 4.74
Df(ir C; 10.157 [ 0.086 | 0.099 [0.159 | 1.26 |45.91 | 37.74
w,; X ¢ 0.354 | 0.209 | 0.222 {0.373| 5.09 |43.97 | 40.48
Average - 8.69 [30.19| 33.04
Method 1 : Perkins & Hage [7]
Method 2 : McCormick [8]
Method 3 : Smetana [9]
gAY ATE 7T 2 FetAdol digk Al 71A
FARA pel extE BAE A%, Azesl v
o] x99} oA HEXE Perkins®t Hage W&

0.38~24.1, 9.93, McCormick W< 20.5~ 107.7,
52.98, 10.8~76.0, 41.70°.%
Perkins¢} Hage "ol 71 #old A3E B3t
7t - ol deliA = ZH7} Perkins¢t Hage
HE 1.26~17.3, 8.69, McCormick ®H-& 3.67~45.9,
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