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
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
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



cos ϑ1 − sin ϑ1 sin ϑ3 sin ϑ1 cos ϑ3 sin ϑ1 (l1 cos ϑ2 + l2 sin ϑ3)

0 cos ϑ3 sin ϑ3 l2 − l2 cos ϑ3 + l1 sin ϑ2

− sin ϑ1 − cos ϑ1 sin ϑ3 cos ϑ1 cos ϑ3 −l1 + cos ϑ1 (l1 cos ϑ2 + l2 sin ϑ3)

0 0 0 1













.


z��s � %��
! �!���
	��
���_��� ���
}?
 �����
���l}~"�(��
� qA"�(I
 ��
 ��"?�
�I
��
�A� 
z��s �>$ � (�" 
z��s ��%�� s�( "�� "�{�
 ����	�#I
?	�"��A"���

���I
��
���
};��"�"�	�(�� �I
 �����
} 
���
*���
}]� "��
�I
��
� }~"�


p = [px, py, pz]
T s'(u	*��"o��"���	�
��d��"�
�q�	�� �

}~�
��� ��������"�}~�
#I
���� �
}?

ϑ1

x��+�
su	�"���
��
� ��"��I
��
� 	�"��A"���
�x�� 
�#���" (�"�� "��
� }~"]� � | � � ��� ��s ��C�s
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JP (ϑ) =
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cos ϑ1 (l1 cos ϑ2 + l2 sin ϑ3) −l1 sin ϑ1 sin ϑ2 l2 sin ϑ1 cos ϑ3

0 l1 cos ϑ2 l2 sin ϑ3

− sin ϑ1 (l1 cos ϑ2 + l2 sin ϑ3) −l1 cos ϑ1 sin ϑ2 l2 cos ϑ1 cos ϑ3
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B(q)q̈ + C(q, q̇)q̇ + G(q) + Fvq + Fe = τ − JT (q)Fzun,
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B(q)q̈ + C(q, q̇)q̇ + G(q) = τ − JT (q)Fzun.
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Fzun = Fmot − J−T(q) [(B(q)q̈ + C(q, q̇)q̇ + G(q))]
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)
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(
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(
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[×10−4 kgm2] Isegy

[×10−4 kgm2] Isegz
[×10−4 kgm2]

A 0, 0202 0, 486 0, 00184 0, 486
BE 0, 236 11, 1 10, 1 0, 591
C 0, 0249 0, 959 0, 959 0, 0051
DF 0, 190 7, 11 0, 629 6, 246
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ϑ̇1 sin (2ϑ3)
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l1 (l2ma + l3mc) ϑ̇1 cos ϑ2 cos ϑ3
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C23 =
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2
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C31 = −C13

C32 =
1

2
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(
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cos ϑ2
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l1 = 0, 215 m

l2 = 0, 215 m

l3 = 0, 0325 m

l5 = −0.0368 m

l6 = 0, 0527 m

g = 9, 81 ms−2
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