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Dynamic Analysis
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Figure 1: Cart-Pendulum System.

Figure m shows a cart-pendulum system. This setup consists of a cart that
can move along a horizontal axis and a pendulum attached to it, which swings
freely.



1 System Modeling

1.1 Equations of Motion

f = (mq + ma)Z + myl cos 06 — myl sin 66

~ (my 4+ mo)Z + molf (for small 6, 0)

0 = myl cos 0% + m2l2é + mogl sin 6

~ Mol 4+ mol20 + magld  (for small )

f = (m1 + mg)l’ + m2l0
i=—10— gb

1.2 Transfer Function
From (1), (2):

f = —mllé — (m1 + m2)g9

O(s) —1
F(s)  muls? + (my +ma)g
From (2):
g((j)) = —(ls* +9)



2 Time Response

2.1 Simulink Implementation
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Figure 2: Plant ©.
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Figure 3: Plant X.

| =

N

=

theta_ddot

1

theta

theta_ddot
Sl

P theta

theta

Plant Theta

Plant X

out.x

4

Figure 4: Overall system.
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Figure 5: Time response: 6(t).
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Figure 6: Time response: x(t).



2.3 q(0) =0,

6(t) (deg)
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Figure 7: Time response: 6(t).
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Figure 8: Time response: x(t).
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