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Analysis on Dynamic Characteristics and LQR Control

of a Quadrotor Aircraft with Cyclic Pitch
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ABSTRACT

Typical quadrotor aircraft use four differential thrust vectors to control the motion. In
this study, we design a quadrotor aircraft using collective and cyclic control to improve
the shortcomings of existing quadrotor aircraft. The quadrotor aircraft with cyclic control
can fly at various attitudes due to the excessive control degrees of freedom. Hence the
quadrotor aircraft with cyclic control is suitable as high performance aircraft. In this study,
modeling and stability analysis of the quadrotor aircraft have been performed using
FLIGHTLAB. LQR control systems were designed using linear models at various flight
conditions and verified through nonlinear simulations using MATLAB.
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1.1361e — 008

— 8.6295e — 005
—2.9897e— 001
—2.5779e — 003
—7.2201e — 002
—2.8725e—004



541 &

503 %%, 2013. 3

Aol 28 FA A7 T AERE #8719 &5

A #43% LQR A9

225

1.1854e—004  9.9912e—001  0.0000e+ 000  0.0000e+000  0.0000e + 000 |
0.0000e+ 000  0.0000e+ 000  1.0000e+ 000 —4.9907e—006 —4.2066e— 002
0.0000e+ 000  0.0000e+ 000  0.0000e+000  1.0000e+ 000 —1.1864e— 004
0.0000e+ 000  1.0000e+ 000 0.0000e+000 1.1874e—004 1.0000e+ 000
7.8312e— 003  1.1499¢—002 1.2363e—003 1.3843e+000 4.3761le— 004
—1.6426e — 002 —1.1496e— 003 —1.3831e+000 4.8000e —003 — 3.2827e+ 001
1.4282e — 002 —2.4244e+ 000 —3.5192e—002  3.2922¢+001  2.0901e— 003
—1.0219¢ — 001 —4.0151e—004 —3.4047e+ 000 —2.9931e—002  2.7260e— 001
1.6368¢ — 003  2.5924e— 001 —8.6780e—003 —3.3716e+ 000 —6.3402¢ —002
3.5560e— 004 —3.1593e— 003 —1.0930e— 002 —1.5092e —002 —1.4802e¢ —002 |

B=

0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000
0.0000e+ 000  0.0000e+ 000  0.0000e+ 000  0.0000e+ 000  0.0000e+ 000
0.0000e+ 000  0.0000e+ 000  0.0000e+ 000  0.0000e+ 000  0.0000e+ 000
—1.0436e—002 —1.2425e—002 —1.3650e—002 —1.2523e—002 —1.1528e— 004
1.0667e— 002 —1.3544e—001 1.4494e—002 —1.4044e—002 —3.7521e— 002
—2.5039e¢+ 000 —2.5064e+ 000 —2.5092e+ 000 —2.5131e+000 —1.1680e— 003

0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000

2.6496e— 001 —3.5592e+000 2.4687¢—001 3.0267e¢+ 000 —1.0248e— 001
3.5408e+ 000  2.4918e—001 —3.0740e+000 1.9893e—001 1.0998e+ 000
| —2.4786e — 002  5.1994e — 002 —5.7830e—002  3.0204e — 002 —2.5745e— 002

0.0000e + 000
0.0000e + 000
0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000
0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000
0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000
0.0000e + 000
0.0000e + 000

0.0000e + 000
0.0000e + 000
0.0000e + 000
0.0000e + 000

—4.8889e — 004 —8.6559e¢—004 —5.3730e—004 3.9051e—002 4.5216e— 002
4.4886e— 002 —4.9070e—002 4.5231e—002 —1.1623e—003 1.5330e— 003
1.0385e—002  1.2530e—002 1.2767e—002 4.2180e—001 4.1787e— 001
1.3868e— 001 —1.2315¢e—001 1.0916e—001 —1.1379e+000 1.6533e-+ 000
1.1270e+ 000 1.1482e+000 1.1279¢+ 000 —7.2083e—001 —1.5615e—001

—8.1694e— 003  5.1903e—002 —9.2477e—003 1.1256e— 003 —4.1923e— 002

0.0000e + 000
0.0000e + 000
0.0000e + 000
0.0000e + 000

0.0000e + 000 |
0.0000e+ 000
0.0000e+ 000
0.0000e + 000

4.8841e—002  4.5534e— 002
—1.5021e—003 1.5355e—003
4.1395e—001  4.2093e— 001
—1.1204e+ 000 6.2037e— 001

4.0832e — 001 —1.2572e—001
4.1753e—003  3.7358e— 002 |




