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𝐋 =  𝐓 −  𝐕

𝒖𝒊

𝒒𝒊

𝐝

𝐝𝐭

𝛛𝐋

𝛛 ሶ𝐪
−

𝛛𝐋

𝛛𝐪
= 𝐮𝐢



𝑚𝑤 = 0.028 𝐾𝑔; 𝑚𝑏 = 0.56 𝐾𝑔; 𝑟 = 0.033 𝑚; 𝑙𝐺 = 0.022 𝑚;

𝑔 = 9.81
𝑚

𝑠
; 𝐽𝑏 = 8.824 × 10−4 𝑘𝑔𝑚2; 𝐽𝑤 = 𝑚𝑤

𝑟2

2
𝑘𝑔𝑚2

𝑀(𝑞) =
𝑚𝑏 + 2𝑚𝑤 +

2𝐽𝑤

𝑟2
−𝑚𝐵𝑙𝐺

−𝑚𝑏𝑙𝐺 𝐽𝑏 + 𝑚𝑏𝑙𝐺
2

𝑐 𝑞, ሶ𝑞 =
0 0
0 0

𝑒 𝑞 =
0

−𝑚𝑏𝑙𝐺𝑔𝜃

H =
1

𝑟
1

•

𝑀 𝑞 ሷ𝑞 + 𝑐 𝑞, ሶ𝑞 ሶ𝑞 + 𝑒 𝑞 = 𝐻𝜏

𝑀(𝑞) =
𝑚𝑏 + 2𝑚𝑤 +

2𝐽𝑤

𝑟2
−𝑚𝐵𝑙𝐺cos(𝜃)

−𝑚𝑏𝑙𝐺 cos 𝜃 𝐽𝑏 + 𝑚𝑏𝑙𝐺
2

𝑐 𝑞, ሶ𝑞 = 0 𝑚𝐵𝑙𝐺 sin 𝜃 ሶ𝜃
0 0

𝑒 𝑞 =
0

−𝑚𝑏𝑙𝐺𝑔𝑠𝑖𝑛(𝜃)

H =
1

𝑟
1

𝜃 = ሶ𝜃 =  0
sin 𝜃 ≃ 𝜃 cos 𝜃 ≃  1 ሶ𝜃2 ≃  0
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𝑝 = 6.915

•

•

𝜃 𝑠

𝑢 𝑠
=

3203.6𝑠

(𝑠 + 7409)(𝑠 − 6.915)(𝑠 + 6.9)
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• θ ሶθ
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• θ ሶθ
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•

𝑍𝑂𝐻 = 𝑒−𝑠𝑇 ≃
1

1 +
𝑠𝑇
2

•

+

-

𝒆(𝒕)
+

+

+ 𝒖(𝒕)

𝒚(𝒕)𝒓(𝒕)
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+

-

𝒆(𝒌)
+

+

+ 𝒖(𝒌) 𝒖′(𝒕)

𝒚(𝒌)

𝒓(𝒌) 𝒚(𝒕)
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