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ċx = −l cosθ θ̇, ċz = −l sinθ θ̇
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ċ+x
ω0

= 0

θ̇ = ω
sinθcos1/2θ

cos2θ

θ

2θ





θc

θ0 tcont

θc = θ0cosh(

√

3g

2l
− 3ka

ml2
tcont)

θc

Fmax

α = 2θc

tcont



√
gH









st

nd

st

τmax = 190N.m

◦



1
st

st

20.8 ± 6.4 cm



nd 13±4.6 cm

1st





tk L
T

∫ tk+T

tk

L(q(t), q̇(t), q̈(t), u(t), λ(t))dt

u(t)

tk+1



N

T c
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