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0.1 Problem 1

Example 2: The pendulum consists of a mR = 10 kg uniform slender rod 

and a sphere of mass mS = 15 kg. If the pendulum is subjected to a 

moment of M = 50 N-m, and has an angular velocity of  = 3 rad/s when 

q = 45o, determine the reaction force from pin O

L =

=R

The FBD and inertia diagram is
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Where𝑀 = 𝑚𝑑𝑖𝑠𝑘+𝑚𝑏𝑎𝑟 and 𝐻 is location of system center of mass. Total mass is𝑀 = 15+10 =
25 kg.

𝐻 =
𝑚𝑠𝑝ℎ𝑒𝑟𝑒 (𝐿 + 𝑅) + 𝑚𝑟𝑜𝑑 �

𝐿
2
�

𝑚𝑠𝑝ℎ𝑒𝑟𝑒 + 𝑚𝑟𝑜𝑑

=
15 (0.6 + 0.1) + 10 (0.3)

15 + 10
= 0.54 m

And

𝐼𝑜 = 𝐼𝑠𝑝ℎ𝑒𝑟𝑒0 + 𝐼𝑏𝑎𝑟0

= �
2
5
𝑚𝑠𝑝ℎ𝑒𝑟𝑒𝑅2 + 𝑚𝑠𝑝ℎ𝑒𝑟𝑒 (𝐿 + 𝑅)2� +

1
3
𝑚𝑏𝑎𝑟𝐿2

=
⎛
⎜⎜⎜⎝
2 (15) (0.1)2

5
+ 15 (0.6 + 0.1)2

⎞
⎟⎟⎟⎠ +

1
3
(10) (0.6)2

= 8.61 kg-m2
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From FBD we obtain 3 equations.

𝐹𝑥 = 𝑀𝑎𝑥
𝐹𝑦 −𝑀𝑔 = 𝑀𝑎𝑦

−𝜏 − �𝑀𝑔 cos𝜃�𝐻 = 𝐼𝑜𝛼

Or

𝐹𝑥 = 25𝑎𝑥
𝐹𝑦 − (25) (9.81) = 25𝑎𝑦

−50 − �(25) (9.81) cos �45 � 𝜋
180

��� (0.54) = (8.61) 𝛼

Or

𝐹𝑥 = 25𝑎𝑥 (1)

𝐹𝑦 − 245.25 = 25𝑎𝑦 (2)

−16.684 = 𝛼 (3)

3 equations with 4 unknowns: 𝐹𝑥, 𝐹𝑦, 𝑎𝑥, 𝑎𝑦. But looking at this diagram, which relates 𝑎𝑥, 𝑎𝑦
to 𝛼.

α, ω

ax

ay
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We see that

𝑎𝑦 = 𝐻𝜔2 sin𝜃 + 𝐻𝛼 cos𝜃

= (0.54) (3)2 sin �45 �
𝜋
180

�� + (0.54) (−16.684) cos �45 � 𝜋
180

��

= −2.934 m/s2
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And

𝑎𝑥 = 𝐻𝛼 sin𝜃 − 𝐻𝜔2 cos𝜃

= (0.54) (−16.684) sin �45 �
𝜋
180

�� − (0.54) �32� cos �45 � 𝜋
180

��

= −9.807 m/s2

Using these in (1,2), we find the reaction forces

𝐹𝑥 = 25𝑎𝑥
= 25 (−9.807)
= −245.175 N

And

𝐹𝑦 − 245.25 = 25𝑎𝑦
𝐹𝑦 − 245.25 = 25 (−2.934)

𝐹𝑦 = 171.9 N

Total reaction force is
�
𝐹2𝑦 + 𝐹2𝑥 = �(171.9)2 + (−245.175)2 = 299.4334 N
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