
倒立桿之數學模型與 Simulink Model之建立 
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The linear motion of center of gravity of pendulum rod is given by 
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The rotational motion of center of gravity of pendulum rod can be described by 
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將(1)、(2)兩式 
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The horizontal motion of cart is described by 
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將(4)、(5)兩式重寫如下 
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為了與 Simulink中倒立桿之範例比較將 化成下式 θ&&

 

))((cos
sin)()cos(cossin

2222

222

mlImMlm
mglmMumllm

++−
+−+

=
θ

θθθθθθ
&

&&  

 

)
3
4)((cos

sin)()cos(cossin
2222

222

mlmMlm

mglmMumllm

+−

+−+
=

θ

θθθθθ&    ( 22

3
4 mlmlI =+Q ) 

 

)
3
4)((cos

sin)()(coscossin
2

2

lmMml

gmMuml

+−

+−+
=

θ

θθθθθ&       (分子與分母各除以ml ) 







 −

+

−
+
+

=

3
4cos

sincos)sin(

2

2

θ

θθθθ

mM
ml

g
mM

uml &

             (分子與分母各除以 )             mM +









+
−

+
−−

+
=

θ

θθθθ

2

2

cos
3
4

)sin)(cos()sin(

mM
ml

mM
mlug

&

                           (6) 

 
 
將(5)式  ( )        θθθθ sincos 2&&&&& mlumlymM +=++
整理得 
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請注意：以上推導 l為桿長之半 
 
 
Simulink之範例即以(6)、(7)二式建立Model 
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詳細說明如下 
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上方 f(u)之內容 

 

(g*u(2)+u(3)*((-u(1)-m*l*u(4)*u(4)*u(2))/(mc+m)))/(l*(4/3-(m*u(3)*u(3))/(mc+m))) 
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下方 f(u)之內容 

 

(u(1)+m*l*(u(4)*u(4)*u(2)-u(5)*u(3)))/(mc+m) 
其中: 
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