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A Study on Hovering Flight Control for a Model Helicopter
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Abstract

A model helicopter has more versatile flight capability than the fixed-wing aircraft and it can
be used as an unmaned vehicle in hazardous area. A helicopter, similar to other aircrafts, is an
unstable, multi-input multi-output nonlinear system exposed to strong disturbance. So it should be
controlled by robust control theories that can be applied to multivariable systems. In this study,
motion equations of hovering are established, linearized and transformed into a state equation
form. Various parameters are measured and calculated in order to obtain the stability derivatives
in the state equation. Hovering flight controller is designed using the digital LQG/LTR(Linear
Quadratic Gaussian/Loop Transfer Recovery) control theory. The designed controller is tested by
the nonlinear simulations and implemented on an IBM-PC/386. Experiments were carried out on
a model helicopter attached to the 3-DOF gimbal. The designed controller showed satisfactory
hovering capability to maintain the hovering for more than 40 seconds.
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Fuselage length 1200 mm
Width 180 mm
Height 430 mm
Main rotor’s diameter | 1500 mm
Tail rotor’s diameter 260 mm
Weight 4200 g
Gear ratio Engine rpm : main rotor’s rpm : tail rotor’s rpm=9.79:1:5.38
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Engine Displacement volume 0.61 cubic-inch (9.97 cc) 2 stroke cycle glow engine
Servo rotor Bell-hiller type

Data supplied by the manufacturer

Aerodynamic parameters Data Comments
. ' d i ially desi f
Main rotor’s speed 800 rpm Rotor speed governor is specially designed for
’ constant rpm
Blade’s pitch angle at the end of
. 6 degrees
the main rotor
Main rotor’s twist 0 degree
Main rotor blade’s slope of lift 6 Slope of lift curve is 6, according to the data from
curve NACA®
Main rotor’s thrust 22.4737TN Shim’s zero-twist blade thrust equation is used"®
Main rotor blade’s drag coeffi- 0.00867 Use data from NACA where blade’s Mach number
cient ) is 0.187 and angle of attack is 6 degrees
Main rotor’s torque 0.4851 N-m
Tail rotor rpm 4307.7 rpm
Tail rotor’s thrust 05472 N Same method as in main rotor’s case
Tail rotor’s torque 0.0032 N-m Ref. (19)
Parameters Data Comments
Mass of helicopter 4.0 kg Batteries are not included

Period of torsional pendulum is utilized®

Inx 0.142413 Kg-m? = T?mgr?
=~ TO8T
47
Ivy 0.271256 Kg-m?
Iz 0.271492 Kg-m?
Mass of main rotor blade 0.2285 Kg
By measuring the period of pendulum
Mass moment of inertia of 0.0254 Kgm? motion about the flapping hinge
main rotor blade ’ e T?mgl
b_’T—z_
Vs
Main rotor radius 0.7575 m
The distance from the main rotor center
Main rotor’s inner radius 0177 m to the nearest point on the main rotor
blade where lift actually is made
Main blade width 6.0 cm
Main rotor’s solidity 0.05043 g=tp bl
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Ratio of main rotor radius and the dis-

Flapping offset ratio 0.0528 tance between the main rotor shaft and
the flapping hinge

Number of main rotor blades | 2

Main rotor blade area 0.0909 m*

Main rotor’s thrust point with
respect to the mass center

(—0.015, 0, 0.2943) [m]

Tail rotor radius 0.1285m

Tail rotor’s inner radius 0.0445m

Tail rotor’s solidity 0.04210

Number of tail rotor blades 2

Tail rotor’s effective width 0.02553 m

Tail rotor blade area 0.002184 m? \

Tail rotor’s thrust point with
respect to the mass center

(—0.8715, 0, 0.1154) [m]

B. ME5E 6XRT MEAREUHA A2HBY

Matrix A
—0.0090 —0.0021 0.0000 0.0000 0.0186 —9.8000 —0.1116 0.0000
0.0021 —0.0168 0.0000 9.8000 0.1107 0.0000 0.0186 0.0068
0.0000 0.0000 —(.8385 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
0.0931 —0.3726 —0.0000 0.0000 4.9127 0.0000 0.8181 0.0219
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000
0.2088 0.0471 0.1855 0.0000 —0.4295 0.0000 2.5807 0.0015
0.0000 0.0997 —0.9198 0.0000 0.0115 0.0000 0.0000 2.6196
Matrix B
1.5344 —0.0000 —0.3753 2.7222
—0.2188 —1.1071 2.7222 0.3753
—71.8249 —0.0000 0.0000 0.0000
0.0000 —0.0000 0.0000 0.0000
—1.8082 —3.5884 119.8564 16.5257
0.0000 —0.0000 0.0000 0.0000
9.2283 —0.3653 8.6762 —62.9262
—96.7809 14.2154 0.0000 0.0000
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C. 7I7sty A

2 dFol A4H 2 deFeoA, AR &9 4x ¥Wdde HaTzE AX FHHE A, Ae]F
g 9z Goll H3lE AL, Are FEAGEOL A AewAd 4ol 7} (augment)sty] A=
Axr g zZxusiel 2 wARsleld AAELE dolet Arh =y WjFE Y AW Ao EH o
] (longitudinal cyclic pitch) 2} Zwulsk Ale]&3 % (lateral cyclic pitch) 717+ w23 whEdi=
2 =q delHz e 7784 FAE 7€ + Yo, 2y ddEE SR XS Az £
gy gxrjFE ATy Fz0) vlmd 535t siqlzee] Fdgy X fA AoAE AL
o Ager 2Agsigon], Bldze Foe &3 FAT & gl b EA2 st FasP4
274 2A)87] dFeol AEREEe AgoMe}t o] &AL ZrlsvlelE Fabsled . Erxel HA
2 A3y BAAE AU,

Fig. 11el 4 Fig. 147421 A4 % A4l o8] 78 A2 EAs-sxzdxe aefZo|c), adjzofs
o4 & %o FAH oM AdPor TASY & glone, FHANAY JE7E AR E3 HH
7t Abel9] J1AIA o] 5o 2 Ag-drt,

Collective Pitch Longltudlnal Cyeclic Pitch
Servo hom - Main rotor - Sarvo-homn
Meassred by plch gauge . Mu-dgnm
10
s /A/e s - — e
g ad N g
? 2 / éa—-——————«—--— = ———— e ]
5 e N o
[ o
2 / T T T s 10 18 2
A . ) . L B1 (deg]
800 1000 1200 1400 1600 . R )
PW [microsec] Fig. 13 Dynamic characteristics of main rotor’s longi-
Fig. 11 Dynamic characteristics of main rotor’s collec- tudinal cyclic pitch
tive pitch
Tail Rotor Pitch Later:l ml:::mPhch
s.m-rulm o Cakutsted based ont peomety
g, e Bl —
N = T T
hd Pw’;? . s . (u;.‘ ) 8 E]
Fig. 12 Dynamic characteristics of tail rotor’s collec-  Fig. 14 Dynamic characteristics of main rotor’s lat.
tive pitch : eral cyclic pitch
D. X Fx MNEIRSYUHAL Rxijso] AISE 45
Angles(¢, 6, ¢) 20 degrees
Angular velocities(¢, §, ¢) 20 degrees/sec
collective pitch 10 degrees
Main
longitudinal cyclic pitch 25 degrees
rotor
lateral cyclic pitch 20 degrees
Tail rotor’s collective pitch 25 degrees
Servo inputs (PWM signal’s duty period) 800 s
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Matrix A

0.0000 1.0000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 4.9127 | 0.0000 0.8181 0.0000 0.0219 —4.4855 | 119.8564 20.6571
0.0000 0.0000 | 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 | —0.4295 | 0.0000 2.5807 0.0000 0.0015 —0.4566 8.6762 | —78.6580
0.0000 0.0000 | 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000
0.0000 0.0115 | 0.0000 0.0000 0.0000 2.6196 17.7692 0.0000 0.0000
0.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 —6.2832 0.0000 0.0000
0.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 0.0000 | —6.2832 0.0000
0.0000 0.0000 | 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 | —6.2832
Matrix B Matrix C

0.0000| 0.0000| 0.0000 1.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | ¢.0000]0.0000 | 0.0000 | 0.0000
0.0000| 0.0000| 0.0000 0.0000| 0.00001.0000{0.0000{0.0000 | 0.0000 | 0.0000|0.0000 | 0.0000
0.0000( 0.0000| 0.0000 0.0000{ 0.0000 | 0.0000 | 0.0000 | 1.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
0.0000] 0.0000| 0.0000

0.0000| 0.0000| 0.0000

0.0000| 0.0000] 9.0000

12.5224| 0.0000( 0.0000

0.0000112.0367 0.0000

0.0000| 0.0000|10.1477




