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My solution is below

0.1 Problem 1
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0.1.1 Part 1

Notice that the point 𝐸 is not on the bar 𝐶𝐷. It is the point where the disks meet at this
instance shown.

𝑉̄𝐷 = 𝑉̄𝐶 + 𝜔̄𝐶𝐷 × 𝑟̄𝐷/𝐶
= 0 + 𝜔𝐶𝐷𝑘̂ × (𝑟𝐴 + 𝑟𝐵) ̂𝚤
= 𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) ̂𝚥 (1)

But we also see that 𝑉̄𝐷 can be written as

𝑉̄𝐷 = 𝑉̄𝐸 + 𝜔̄𝑑𝑖𝑠𝑘 × 𝑟̄𝐷/𝐸
= 0 + 𝜔𝑑𝑖𝑠𝑘𝑘̂ × 𝑟𝐵 ̂𝚤
= 𝜔𝑑𝑖𝑠𝑘𝑟𝐵 ̂𝚥 (2)

Where in the above we used the fact that 𝑉̄𝐸 = 𝑉̄𝐶 = 0 at the instance shown. Equating (1)
and (2)

𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) = 𝜔𝑑𝑖𝑠𝑘𝑟𝐵

𝜔𝑑𝑖𝑠𝑘 = 𝜔𝐶𝐷
𝑟𝐴 + 𝑟𝐵
𝑟𝐵

(3)

0.1.2 Part 2

𝑉̄𝐹 = 𝑉𝐷 + 𝜔̄𝑑𝑖𝑠𝑘 × 𝑟̄𝐹/𝐷
= 𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) ̂𝚥 + 𝜔𝑑𝑖𝑠𝑘𝑘̂ × 𝑟𝐵 ̂𝚥

Hence

𝑉̄𝐹 = −𝜔𝑑𝑖𝑠𝑘𝑟𝐵 ̂𝚤 + 𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) ̂𝚥

= −𝜔𝐶𝐷
𝑟𝐴 + 𝑟𝐵
𝑟𝐵

𝑟𝐵 ̂𝚤 + 𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) ̂𝚥

= 𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) ̂𝚤 + 𝜔𝐶𝐷 (𝑟𝐴 + 𝑟𝐵) ̂𝚥
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0.2 Problem 2

 

  

𝑉̄𝐷 = 𝑉̄𝐵 + 𝑉̄𝐷/𝐵

= 𝑉̄𝐵 + 𝜔̄𝐵𝐷 × 𝑟̄𝐷/𝐵 (1)

But

𝑉̄𝐵 = 𝑉̄𝐴 + 𝜔̄𝐴𝐵 × 𝑟̄𝐵/𝐴
= 0 − 𝜔𝐴𝐵𝑘̂ × �𝐿1 cos𝜃 ̂𝚤 + 𝐿1 sin𝜃 ̂𝚥�

= −𝜔𝐴𝐵𝐿1 cos𝜃 ̂𝚥 + 𝜔𝐴𝐵𝐿1 sin𝜃 ̂𝚤 (2)

Where

𝜔𝐴𝐵 = 2000 �
2𝜋
60 �

=
200
3

𝜋 = 209.4395 rad/sec

The angle 𝛽 can be found as follows
sin𝜃
𝐿2

=
sin 𝛽
𝐿1

sin 𝛽 =
𝐿1
𝐿2

sin𝜃 =
3
8

sin �40 �
𝜋
180

�� = 0.241 radians

= 13.8080
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Now we know everything to evaluate (1). Therefore

𝑉̄𝐷 = 𝑉̄𝐵 + 𝜔̄𝐵𝐷 × 𝑟𝐷/𝐵
= �−𝜔𝐴𝐵𝐿1 cos𝜃 ̂𝚥 + 𝜔𝐴𝐵𝐿1 sin𝜃 ̂𝚤� + 𝜔𝐵𝐷𝑘̂ × �𝐿2 cos 𝛽 ̂𝚤 − 𝐿2 sin 𝛽 ̂𝚥�

= �−𝜔𝐴𝐵𝐿1 cos𝜃 ̂𝚥 + 𝜔𝐴𝐵𝐿1 sin𝜃 ̂𝚤� + 𝜔𝐵𝐷𝐿2 cos 𝛽 ̂𝚥 + 𝜔𝐵𝐷𝐿2 sin 𝛽 ̂𝚤

= ̂𝚤 �𝜔𝐴𝐵𝐿1 sin𝜃 + 𝜔𝐵𝐷𝐿2 sin 𝛽� + ̂𝚥 �−𝜔𝐴𝐵𝐿1 cos𝜃 + 𝜔𝐵𝐷𝐿2 cos 𝛽� (3)

But the 𝑦 componenent of 𝑉̄𝐷 = 0 since 𝐷 can only move in 𝑥 direction. Therefore from the
above

−𝜔𝐴𝐵𝐿1 cos𝜃 + 𝜔𝐵𝐷𝐿2 cos 𝛽 = 0

𝜔𝐵𝐷 = 𝜔𝐴𝐵
𝐿1 cos𝜃
𝐿2 cos 𝛽 (4)

Substituting (4) into the 𝑥 component of (3) gives the answer we want

𝑉̄𝐷 = ̂𝚤 �𝜔𝐴𝐵𝐿1 sin𝜃 + �
𝐿1 cos𝜃
𝐿2 cos 𝛽𝜔𝐴𝐵� 𝐿2 sin 𝛽�

= ̂𝚤 �𝐿1 sin𝜃 + �
𝐿1 cos𝜃
𝐿2 cos 𝛽 � 𝐿2 sin 𝛽�𝜔𝐴𝐵

= ̂𝚤

⎛
⎜⎜⎜⎜⎜⎝3 sin �40 �

𝜋
180

�� +
3 cos �40 � 𝜋

180
�� sin �13.808 � 𝜋

180
��

cos �13.808 � 𝜋
180

��

⎞
⎟⎟⎟⎟⎟⎠ 209.4395

= 522.170 ̂𝚤 inch/sec
= 43.514 ̂𝚤 ft/sec

And 𝜔𝐵𝐷 = 𝜔𝐴𝐵
𝐿1 cos𝜃
𝐿2 cos 𝛽 = 209.4395

3 cos�40� 𝜋
180 ��

8 cos�13.808� 𝜋
180 ��

= 61.955 rad/sec
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