
Dynamic Force Analysis

ME 301 Theory of Machines I

Example:

Determine the torque T12 to be applied

on link 2 for a given motion (i.e. 𝜃12, ሶ𝜃12
and ሷ𝜃12) and F14.

Solution Procedure:

• Perform kinematic analysis.

• Draw free body diagrams with inertia

forces and write the equations of

equilibrium.

• Solve the equations for unknown

force.
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Dynamic Force Analysis
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Example:

• Perform kinematic analysis.

Disconnect and reconnect B:

𝑠23𝑒
𝑖𝜃12 = 𝑖𝑎1 + 𝑠14

𝑅𝑒: 𝑠23𝑐𝑜𝑠𝜃12 = 𝑠14
𝐼𝑚: 𝑠23𝑠𝑖𝑛𝜃12 = 𝑎1

𝑠23 =
𝑎1

𝑠𝑖𝑛𝜃12

𝑠14 = 𝑠23𝑐𝑜𝑠𝜃12 =
𝑎1

𝑡𝑎𝑛𝜃12
𝑑

𝑑𝑡
𝑅𝑒: ሶ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12𝑠23𝑠𝑖𝑛𝜃12 = ሶ𝑠14

𝑑

𝑑𝑡
𝐼𝑚: ሶ𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12𝑠23𝑐𝑜𝑠𝜃12 = 0

𝑑2

𝑑𝑡2
𝑅𝑒: ሷ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12 ሶ𝑠23𝑠𝑖𝑛𝜃12 − ሷ𝜃12𝑠23𝑠𝑖𝑛𝜃12 − ሶ𝜃12 ሶ𝑠23𝑠𝑖𝑛𝜃12 − ሶ𝜃12

2
𝑠23𝑐𝑜𝑠𝜃12 = ሷ𝑠14

𝑑2

𝑑𝑡2
𝐼𝑚: ሷ𝑠23𝑠𝑖𝑛𝜃12 + ሶ𝜃12 ሶ𝑠23𝑐𝑜𝑠𝜃12 + ሷ𝜃12𝑠23𝑐𝑜𝑠𝜃12 + ሶ𝜃12 ሶ𝑠23𝑐𝑜𝑠𝜃12 − ሶ𝜃12

2
𝑠23𝑠𝑖𝑛𝜃12 = 0
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Dynamic Force Analysis

ME 301 Theory of Machines I

Example:

• Draw free body diagrams with

inertia forces and write the

equations of equilibrium.
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Example:

Equations of Equilibrium

Link 4:

෍𝑀𝐵 = 0

𝑀14 = 0

෍𝐹𝑥 = 0

𝐹14 + 𝐹34
𝑥 −𝑚4 ሷ𝑠14 = 0 → 𝐹34

𝑥

෍𝐹𝑦 = 0

𝐺14 + 𝐹34
𝑦 = 0 →?
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Example:

Link 3:

෍𝑀𝐵 = 0

𝑀23 − 𝐼𝐺3
ሷ𝜃12 = 0 → 𝑀23 = 𝐼𝐺3

ሷ𝜃12

෍𝐹𝑥 = 0

𝐹23𝑐𝑜𝑠 𝜃12 +
𝜋

2
− 𝐹34

𝑥 −𝑚3 ሷ𝑠14 = 0 → 𝐹23

෍𝐹𝑦 = 0

𝐹23𝑠𝑖𝑛 𝜃12 +
𝜋

2
− 𝐹34

𝑦 = 0 → 𝐹34
𝑦
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Link 2:

෍𝑀𝐴0 = 0

−𝑠23𝐹23 −𝑀23 − 𝑔2𝑚2𝑔2 ሷ𝜃12 − 𝐼𝐺2
ሷ𝜃12 + 𝑇12 = 0 → 𝑇12

෍𝐹𝑛 = 0

𝐺12
𝑛 +𝑚2𝑔2 ሶ𝜃12

2
= 0 → 𝐺12

𝑛

෍𝐹𝑡 = 0

𝐺12
𝑡 −𝑚2𝑔2 ሷ𝜃12 − 𝐹23 = 0 → 𝐺12

𝑡
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Link 2, alternative FBD:

𝐼𝐴02 = 𝐼𝐺2 +𝑚2𝑔2
2

𝑎𝐺2
𝑡 = 𝑔2 ሷ𝜃12

෍𝑀𝐴0 = 0

−𝑠23𝐹23 −𝑀23 − 𝐼𝐴02
ሷ𝜃12 + 𝑇12 = 0 → 𝑇12

෍𝐹𝑛 = 0

𝐺12
𝑛 +𝑚2𝑔2 ሶ𝜃12

2
= 0 → 𝐺12

𝑛

෍𝐹𝑡 = 0

𝐺12
𝑡 −𝑚2𝑔2 ሷ𝜃12 − 𝐹23 = 0 → 𝐺12

𝑡
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