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1 Main Body Equations

GRF = ky + bẏ − f(t) (1)

mÿ = −ky − bẏ − g + f(t) (2)

∫ (toff +ton)

toff

f(t) · ẏ(t)dt = WorkInput (3)

τn+1 = τn −Kp(td − tL − tv) (4)

Kp < 2/s (5)
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2 Appendix A Equations

Ẋ = AX + B (1)

A =
[

0 1
−w2 −2ζw

]
B =

[
0

f(t)− 1

] }
(x ≤ 0) (2)

A =
[

0 1
0 0

]
B =

[
0
−1

] }
(x > 0) (3)

f(t) =
{

Tn if toff < t ≤ toff + ton

0 otherwise (4)

AIR X(t) =
[

1 t
0 1

]
X0 −

[
t2/2

t

]
ON X(t) = eAt(X0 −Xeon) + Xeon

OFF X(t) = eAt(X0 −Xeoff ) + Xeoff

(5)

Xeon =
[

Tn−1
w2

0

]
Xeoff =

[
− 1

w2

0

]
(6)

Xn+1 = F (Xn) = Xeoff − eA(τ−2ta−ton)(Xeon +Xeoff )− eA(τ−2ta)(Xn −Xeon)
(7)

Xtakeoff = eA(ton+toff )(Xtouchdown−Xeoff )+eAton(Xeoff−Xeon)+Xeon = −Xtouchdown

(8)

Xtakeoff +eA(ton+toff )(Xtakeoff +Xeoff )+eAton(Xeon−Xeoff )−Xeon =
[

0
0

]
(9)

X∗ = F (X∗) (10)

2



3 Appendix B Equations

Tn+1 = Tn −K(d− t) (1)

d(T ) =
{

b if T < Tc

s(T − Tc) + b if T ≥ Tc
(2)

K < 2/s (3)

Tn+1 = Tn −K(s(Tn − Tc) + b− t) (4)

Tn+1 = (1−Ks)Tn + K(t− b− sTc) (5)

|1−Ks| < 1 (6)

K · s < 2 (7)

Tn+1 = Tn −K(b− t) (8)

TLC1 = (t− b)/(2s) + Tc (9)

TLC2 = TLC1 −K(t− b) (10)

Tmin = Tc + K(t− b) (11)

Tmax = Tc + K(t− b)(2−Ks) (12)
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