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Parameter Identification and Simulation of
Light Aircraft Based on Flight Test
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L

(Myoung Shin Hwang, and Jung Hoon Lee)

Abstract : Flight parameters of a light aircraft in normal category named ChangGong-91 are identified from
flight tests. Modified Maximum Likelihood Estimation (MMLE) is used to produce aerodynamic coefficients,
stability and control derivatives. A Flight Training Device (FTD) has been developed based on the identified
flight parameters. Flat earth, rigid body, and standard atmosphere are assumed in the FTD model. Euler angles
are adapted for rotational state variables to reduce computational load. Variations in flight Mach number and
Reynolds number are assumed to be negligible. Body, stability and inertial axes allow 6 second-order linear
differential equations for translational and rotational motions. The equations of motion are integrated with respect
to time, resulting in good agreements with flight tests.
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Table 1. Flight test instrumentation.

SENSORS ACQUISITION DATA
Air Data Boom & - Airspeed ..
Pr Transd - Pressure Alititude
cosuire TTANSCUCEr 1. Rate of Climb
. - Attitude Angles
Vertical Gyro (Pitch & Roll)

+ 3-Axes Angular Rate
(Pitch, Roll & Yaw)

3-Axes - 3-Axes Accelerations
Accelerometer X, Y &2

+ Stabilator - Rudder

Rate Gyro

Control Force

Measurement - Aileron Force

- OAT -CHT
Thermocouple . EGT
Linear Displacement + Control Surface
Transducer Deflections
Rgtatlonal - Angle of Attack
Displacement - Angle of Sidesli
Transducer € D
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Table 2. Flight test conditions for longitudinal

motion.
& olE 11 A=
se | zze | M0TE | SR
1 A 93 4900 2700
2 25 86 5075 2700
3 2+ 101 5100 2700
4 A 83 2610 2700
5 a3 90 2790 2700
6 A 106 2760 2700
7 2 84 2670 2700
8 A &4 2670 2700
9 AHr 93 2620 2700
10 25 103 2750 2700
11 A 84 2700 2700
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Table 3. Flight test conditions for lateral-direc—
tional motion.

< 71% deE€n 2
s | zza | VTF | YOE | W
1 13 87 3140 2700
2 A 86 3160 2700
3 3 95 1100 2700
4 Y 88 940 2700
5 Rk 97 1130 2700
6 3 81 990 2700
7 A 96 910 2700
8 A 91 1010 2700
9 A5 99 1180 2700
10 A 79 790 2700
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Fig. 2. Comparison of the results from MMLE
and flight data for short period mode.
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Fig. 3. Comparison of the results from MMLE
and flight data for dutch-roll mode.
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CLuin 0.7641 0.6556 0.6575 0.4688 AtE flight deck area v LA 3F7) cockpitol
Cre 4.0707 4.0407 3.9229 3.7954 A Hlsle] A AN, dd s 2ERe AR
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Table 5. Results of estimated stability/control derivatives for lateral-directional motion.

(&) : RAD)
£%F8 14 vAE &% ZFE AR tAE F

95 kts 88 kts 97 kts 91 kts 96 kts 91 kts 99 kts 79 kts
Cys -0.4177 -0.4424 -0.4340 -0.4338 -0.4041 -0.4008 -0.4193 -0.4449
Cwns 0.1454 0.1400 0.1397 0.1352 0.1416 0.1325 0.1374 0.1345
Cis -0.0877 -0.0841 -0.0839 -0.0755 -0.0892 -0.0830 -0.0731 -0.0858
Cvsa 0.1182 0.1219 0.1129 0.1322 0.1111 0.1195 0.1058 0.1353
Cxnsa -0.0021 -0.0045 -0.0033 -0.0001 -0.0053 -0.0008 -0.0024 -0.0032
Cisa 0.2574 0.2364 0.2418 0.2340 0.2553 0.2215 0.219% 0.2387
Cvysr 0.0617 0.0825 0.0657 0.1148 0.0878 0.0978 0.0865 0.1159
Cnar -0.0931 -0.0797 -0.0827 -0.0892 -0.0851 -0.0789 -0.0796 -0.0872
Cisr 0.0126 0.0115 0.0145 0.0075 0.0117 0.0150 0.0099 0.0129
Cyp 0.1262 0.1248 0.1253 0.1241 0.1240 0.1248 0.1240 0.1247
Cxp -0.0986 -0.0855 -0.0746 -0.1078 -0.0806 -0.0912 -0.0739 -0.1179
Cuw -0.5724 -0.5521 -0.5214 -0.5369 -0.5614 -0.5120 -0.4674 -0.5504
Cyr 0.1802 0.1763 0.1836 0.1747 0.1744 0.1735 0.1737 0.1782
Car -0.1987 -0.1685 -(.1862 -0.1837 -0.1803 -0.1689 -0.1469 -0.1876
Cr 0.1490 0.1500 0.1593 0.1541 0.1477 0.1593 0.1315 0.1830
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Table 6. Validation tests of handling qualities for level 5 and 7.
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