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Mechanical drives



Gear ratio

𝑇𝑜 = ±𝑛𝑇𝑖
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𝑛
𝑖

𝑃𝑜 = 𝑃𝑖

𝑛 =
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𝑇𝑜𝑜 = 𝑇𝑖𝑖



The influence of the gear ratio on the 
moment of inertia

𝐼𝑚 =
𝐼𝐿
𝑛2



The equation of motion

𝑇𝑚 −
𝑇𝐿
𝑛
= 𝑇𝑑𝑖𝑓𝑓 = 𝛼𝐿𝑛

𝐼𝐿
𝑛2

+ 𝐼𝑚 +𝜔𝑚
𝐵𝐿
𝑛2

+ 𝐵𝑚



Acceleration without load moment and friction

• Acceleration without load moment and friction

• Optimal gear ratio

• Acceleration expressed in another way 𝛼𝐿 =
𝑇𝑝𝑒𝑎𝑘

2𝐼𝑑𝑛
∗

𝛼𝐿 =
𝑇𝑝𝑒𝑎𝑘

𝑛 𝐼𝑑 +
𝐼𝐿
𝑛2

𝑛∗ =
𝐼𝐿
𝐼𝑑



Acceleration with load

• Acceleration  𝛼𝐿 =
𝑇𝑝𝑒𝑎𝑘−𝑇𝐿/𝑛

𝑛 𝐼𝑑+
𝐼𝐿
𝑛2

• Optimal gear ratio 𝑛∗ =
𝐼𝐿𝛼𝐿−𝑇𝐿

𝐼𝑑𝛼𝐿

• Acceleration expressed in another way 𝛼𝐿 =
𝑇𝑝𝑒𝑎𝑘−𝑇𝐿/𝑛

∗

2𝐼𝑑𝑛
∗



Acceleration of loads with variable moment 
of inertia

• Steiner’s theorem 𝐼𝐿𝑜𝑎𝑑 = 𝐼𝑎 + 𝑑2𝑀𝐿



Linear systems

• Acceleration : ሷ𝑥 =
𝐹

𝑚

• Motor power : 𝐹𝑚 = 𝐹𝐿 +𝑚𝑡𝑜𝑡 ሷ𝑥 + 𝐵𝐿 ሶ𝑥

• Change in kinetic energy : ∆𝐸𝑘 =
𝑚𝑡𝑜𝑡 ሶ𝑥2

2− ሶ𝑥1
2

2



Movement trajectories



Speed profiles
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Triangular and trapezoidal profile
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Jerk
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