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2/9 Constrained Motion of Interconnected Particles

Number of Coordinates

Number of Constraint Equations

Degree of Freedom (Number of Independent Coordinates)

Coordinates: 𝑦𝐴, 𝑦𝐵, 𝑦𝐶 and 𝑦𝐷 (4)

Constraints: Two ropes of constant length (2)

𝐿𝑙𝑒𝑓𝑡 = 𝑦𝐵 + 𝑦𝐶 + 𝑦𝐶 − 𝑦𝐷 + 𝐶1

𝐿𝑟𝑖𝑔ℎ𝑡 = 𝑦𝐴 + 2𝑦𝐷 + 𝐶2

Degree of Freedom (the variables you can

select as you like): (4 − 2 = 2)

2. Kinematic Analysis

ME 301 Theory of Machines I

Quick Review of ME 208 Dynamics

5/3 Absolute Motion Analysis

Write a geometric relation (which is actually the constraint
equation) for the point of interest.

𝑥𝐶 = 𝑠 − 𝑟𝑠𝑖𝑛𝜃 = 𝑟𝜃 − 𝑟𝑠𝑖𝑛𝜃 = 𝑟 𝜃 − 𝑠𝑖𝑛𝜃

𝑦𝐶 = 𝑟 − 𝑟𝑐𝑜𝑠𝜃 = 𝑟 1 − 𝑐𝑜𝑠𝜃

ሶ𝑥𝐶 =
𝑑𝑥𝐶
𝑑𝑡

= 𝑣𝐶
𝑥 = 𝑟 ሶ𝜃 1 − 𝑐𝑜𝑠𝜃

ሶ𝑦𝐶 =
𝑑𝑦𝐶
𝑑𝑡

= 𝑣𝐶
𝑦 = 𝑟 ሶ𝜃𝑠𝑖𝑛𝜃

ሷ𝑥𝐶 =
𝑑2𝑥𝐶
𝑑𝑡2

= 𝑎𝐶
𝑥 = 𝑟 ሷ𝜃 1 − 𝑐𝑜𝑠𝜃 + 𝑟 ሶ𝜃2𝑠𝑖𝑛𝜃

ሷ𝑦𝐶 =
𝑑2𝑦𝐶
𝑑𝑡2

= 𝑎𝐶
𝑦 = 𝑟 ሷ𝜃𝑠𝑖𝑛𝜃 + 𝑟 ሶ𝜃2𝑐𝑜𝑠𝜃

2. Kinematic Analysis

ME 301 Theory of Machines I

Quick Review of ME 208 Dynamics

5/4 Relative Velocity, 5/6 Relative Acceleration

Select two points, say A and B, on the same rigid body.

Ԧ𝑣𝐴 = Ԧ𝑣𝐵 + Ԧ𝑣𝐴/𝐵

Ԧ𝑣𝐴/𝐵 = 𝜔 × Ԧ𝑟𝐴/𝐵

Ԧ𝑎𝐴 = Ԧ𝑎𝐵 + Ԧ𝑎𝐴/𝐵

Ԧ𝑎𝐴/𝐵 = Ԧ𝑎𝐴/𝐵
𝑡
+ Ԧ𝑎𝐴/𝐵

𝑛

Ԧ𝑎𝐴/𝐵
𝑡
= Ԧ𝛼 × Ԧ𝑟𝐴/𝐵

Ԧ𝑎𝐴/𝐵
𝑛
= 𝜔 × 𝜔 × Ԧ𝑟𝐴/𝐵 = −𝜔2 Ԧ𝑟𝐴/𝐵


