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Estimation and Verification of Commercial Stability Augmentation System Logic

for Small UAV
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ABSTRACT

Because rotorcraft is unstable, it needs a stability system such as flybar. Recently, sensor
technology has been developed, it uses a stability augmentation system to improve stability
instead of flybar. To use of these rotorcraft which include stability augmentations system for
unmanned system, flight control computer, include stability augmentations system function,
must be required. In this paper, a reverse-engineering method of estimating Algorithm of
Commercial Stability Augmentation System is proposed, the result is applied in the flight
computer to make an unmanned rotorcraft system. Finally using a validated algorithm, it is
possible to establish a system of unmanned automatic rotorcraft system.
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Table 1. Collective compensation logic parameter

(y=ax+b)
Chanel Num a b
Ch1 4.09 1328
Ch2 3.92 1359
Ch3 -3.83 1582
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Fig. 5. Collective servo output data from
measurement and equation
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Fig. 6. Lateral servo output data from measurement
and estimation compensator logic

2.2.2 Lateral input
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Table 3. Longitudinal compensation logic parameter

Oll

(y=az+0b)
level a b a b a b
0~37.5 | 2752 | 1070 | -1.44 | 1492 | 1.408 | 1453
375~625 | 1192 | 731 | -584 | 1655 | 5.76 | 1291
62.5~100 | 2.928 | 1293 | -1424 | 1377 | 1.568 | 1557

=
2dYE 73 stk Fig 82 HXF 7%
< W collective ¥ W& &8 S =4
) IHREZE T3 FE Y FuFAY =

= AL HAY 5 gk gerd 9
£ 7749 24315 Fig 99 vl7)sh ol
Bt Ao ARE ARE AL 5 Ak 1
e EUR Sl ol Be Chide)
9o B8 AT 5 v & =g A0
2 BT ZAERd @ =Y 4ol
7zE 1;4; MAsgen 1 ATe Fig 99) AM
otk AML HE HHET Ao EUF AFE 13
e AL geld 4 3o

)
m
L
™
:-

H

pwm vs pure Q for channel 1

1800
1700 -
£ 1600 P
k<] e
kel T
©
S 1500 -
=
=
<
E
£ 1400
1300 -
1200 ‘ s s ‘ . . .
40 30 20 -10 0 10 20 30 40

Q [deg/s]

Fig. 8. Ch1 output with g variation
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2.2.6 Longitudinal cyclic Compensation
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Table 4. Longitudinal cyclic compensation
parameter for longitudinal motion

Chanel Inpgt a b . q
Num position

Part1,3 | 0.0348 | 0.8111 | -0.0604 |-13.9924
Cht

Part2 | -0.0353 | 4.3172 | 0.0156 |-17.7881

Part1,3 | 0.0161 | 0.4050 | -0.0054 |-13.8034
Ch2

Part2 | -0.0161 | 2.0170 | -0.0140 |-13.3718

Part1,3 | -0.0164 | 2.0439 | -0.1227 | -4.1141
Ch3

Part-2 | 0.0164 | 0.4037 | 0.1109 |-15.7923
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Table 5. Longitudinal cyclic compensation
parameter for lateral motion

Chanel Num a b
Ch1 2.48356 -15.90105
Ch2 1.25174 -14.41464
Ch3 1.21592 -16.30369
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Table 6. Lateral cyclic compensation
parameter for lateral motion

Chanel
Num

Input
position

Part1,3

0.0289

0.6794 | 0.0056 |-14.0829

Ch2

Part2

-0.0287

3.5592 (-0.0172|-12.9446

Part1,3

-0.0305

3.7265 | 0.0096 |-12.0575

Ch3

Part2

0.0004

2.1816 | 0.0105 |-12.1020

Table 7.

Lateral cyclic compensation parameter
for longitudinal motion

Chanel

Num

b

Ch

2

—6.2463
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3

-11.914368
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2.2.8 Rudder command model
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Table 8. Tail Rotor compensation logic parameter

Parameters a b
Value -30.6 3055.7
Saturation 32%(min) 65%(max)

pwm vs rudder input

2200 T
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§
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1200
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0 10 20 30 40 50 60 70 80 90 100
input [%]
Fig. 14. Tail Rotor Command for input
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Table 9. Flight Test Component 10
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Fig. 20. Manual flight test result
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Fig. 19. Compare flight data and model
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