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Design of Optimal Attitude Controller
for a Launch Vehicle Using Sloshing Filter

Dong-Hyun Kim, Jae-Weon Choi
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Abstract

When the liquid tanks only partially filled and under translational acceleration, large quantities of
liquid move uncontrollably inside the tanks and generate the liquid sloshing effect. Liquid sloshing
. effect could be a severe problem in launch vehicle stability and control if the liquid modes of motion
couple significantly with the launch vehicle’s normal modes of motion. Several methods have been
employed to reduce the effect of sloshing, such as introducing baffles inside the tanks or dividing a
large tank into a number of smaller ones. These techniques, although helpful in some cases, do not
succeed in canceling the sloshing effects. In this paper, An attitude controller is designed for a launch
vehicle with liquid sloshing effect. Both PD controller and sloshing filter are designed for the
objective. PD gains and design parameters are determined by optimal algorithm. The performance of
the attitude controller is evaluated via computer simulations.
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Fig 1. Coordinate system of launch vehicle with
liquid sloshing
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Fig 2. Block diagram of Attitude controller
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Table 1. Optimal parameters

deele | K, | Ke | A | B
gaye | 0.2~5.0 |0.2~10.0{ 0.8~1.2 | 0.8~1.2
PD 1.6 0.2
PD+¥H 1.4 52 11 0.8
5 Hoj7] Hg 3
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Table 2. Flight parameter of a launch vehicle

my(Kg) | 137969 [ m,Kg) | se60.9 |
I(Kg-m’) | 3.28x10° L,(m) 0.83
U,(m/sec®) 20.2 1,(m) 1.69
T,(V) 152x10° | p(sec™) | 4.56
L,(N/rad)| 881x10° | 4 (sec®)| 2.80
I(m) 9.84 4, (sec | 0.059
1, (m) 10.39
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Fig 3. Root locus diagram (open-loop)
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Fig 4. Time response (open-loop)
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Fig 5. Root locus diagram (PD control)
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Fig 6. Time response (PD control)
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Fig 9. Time response
(PD+sloshing filter control)
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