
 

 

Lab Objectives: 
I. Learn how to size an actuator for a mobile robot 
II. Learn how to check stability of a mobile robot 

III. Learn how to check the roll-over of the robot during 
acceleration and deceleration and cornering 

IV. Simulating a wheeled mobile robot on SOLIDWORKS Motion 
Analysis 

 
 

 Mobile Robot Actuator Sizing: 
 
 

 

 

 
𝑻𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝑬𝒇𝒇𝒐𝒓𝒕 = 𝑻𝒎(𝑀𝑜𝑡𝑜𝑟 𝑇𝑜𝑟𝑞𝑢𝑒)⁄𝑹𝑾(𝑊ℎ𝑒𝑒𝑙 𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑐𝑡𝑢𝑎𝑡𝑒𝑑 𝑊ℎ𝑒𝑒𝑙) 

𝑹𝒐𝒍𝒍𝒊𝒏𝒈 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 = 𝝁𝒓𝒓(𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑟𝑜𝑙𝑙𝑖𝑛𝑔 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒) ∗ 𝒎𝒈 
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𝑨𝒊𝒓 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 

1 
= 

2 
∗ 𝑪𝒅(𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝐷𝑟𝑎𝑔) ∗ 𝝆(𝐴𝑖𝑟 𝐷𝑒𝑛𝑠𝑖𝑡𝑦) 

∗ 𝑨𝒇(𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝐹𝑜𝑛𝑡𝑎𝑙 𝐴𝑟𝑒𝑎) ∗ 𝑽𝟐(𝑅𝑜𝑏𝑜𝑡 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦) 

 Applying Newton’s Second Law in Euler Form 

 
𝑻𝒎𝒐𝒕𝒐𝒓 = 𝑻𝑹 + 𝑱 𝜽̈  

 

𝑻𝑹 = (𝑭𝑨𝒊𝒓 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 + 𝑭𝑹𝒐𝒍𝒍𝒊𝒏𝒈 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆) ∗ 𝑹𝑾 

 

𝑱 = 𝑱𝒎𝒐𝒕𝒐𝒓 + 𝑱𝑬𝒒 𝑾𝒉𝒆𝒆𝒍𝒔 + 𝑱𝑬𝒒 𝑳𝒊𝒏𝒆𝒂𝒓 𝑴𝒂𝒔𝒔 

 

𝜽̈   Depends on motion requirements 
 
 
 Kinetic Energy of Linear mass = Kinetic Energy supplied by Motor 

 
𝟏 
∗ 𝒎 ∗ 𝑽𝟐 = 

𝟏 
∗ 𝑱 ∗ 𝜽̈ 𝟐 

  

𝟐 𝟐 𝑬𝒒 𝑳𝒊𝒏𝒆𝒂𝒓 𝑴𝒂𝒔𝒔 

 

𝑱𝑬𝒒 𝑳𝒊𝒏𝒆𝒂𝒓 𝑴𝒂𝒔𝒔 = 𝒎 ∗ 𝑹𝑾
𝟐 

 

 

 Traction Limit 

Maximum force the motor can generate to move the robot 
 

𝑻𝒓𝒂𝒄𝒕𝒊𝒄𝒆 𝑬𝒇𝒇𝒐𝒓𝒕 𝑴𝒂𝒙 

= 𝑵𝒂𝒄𝒕𝒖𝒂𝒕𝒆𝒅 𝑾𝒉𝒆𝒆𝒍(𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝐴𝑐𝑡𝑢𝑎𝑡𝑒𝑑 𝑊ℎ𝑒𝑒𝑙) 

∗ 𝝁𝒇(𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑒𝑛𝑡 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑤ℎ𝑒𝑒𝑙 𝑡𝑦𝑟𝑒 𝑎𝑛𝑑 𝑔𝑟𝑜𝑢𝑛𝑑) 



 Stability in the Longitudinal Direction: 
 

 

 
 Static Weight (While robot is stationery) 

𝑳𝟐 

𝑵𝑹 = 𝒎𝒈 ∗ 

 
𝑵𝑭 = 𝒎𝒈 ∗ 

 
 

𝑳 

𝑳𝟏 
 

𝑳 

 Weight Transfer in the Longitudinal Direction 

Taking the moment about the Front Wheel 

𝑵𝑹(𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝑟𝑒𝑎𝑟 𝑤ℎ𝑒𝑒𝑙𝑠) ∗ 𝑳 = 𝒎𝒈 ∗ 𝑳𝟐 + 𝒎𝒂 ∗ 𝒉𝒄𝒈 

 

𝑵𝑹 

𝑳𝟐 
= 𝒎𝒈 ∗ 

𝑳 

𝒎𝒂 ∗ 𝒉𝒄𝒈 
(𝑺𝒕𝒂𝒕𝒊𝒄 𝑾𝒆𝒊𝒈𝒉𝒕) + (𝑾𝒆𝒊𝒈𝒉𝒕 𝑻𝒓𝒂𝒏𝒔𝒇𝒆𝒓) 

𝑳 

Robot weight won't change 

 

𝑵𝑭 

𝑳𝟏 
= 𝒎𝒈 ∗ 

𝑳 

𝒎𝒂 ∗ 𝒉𝒄𝒈 
(𝑺𝒕𝒂𝒕𝒊𝒄 𝑾𝒆𝒊𝒈𝒉𝒕) − (𝑾𝒆𝒊𝒈𝒉𝒕 𝑻𝒓𝒂𝒏𝒔𝒇𝒆𝒓) 

𝑳 

 𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝑹𝒐𝒍𝒍 𝒐𝒗𝒆𝒓 𝑪𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏 

 
𝑵𝑭 = 𝒎𝒈 ∗ 

𝑳𝟏 
𝒂 = 𝒈 

𝒉 

𝑳𝟏 

𝑳  
− 

𝒎𝒂 ∗ 𝒉𝒄𝒈 

𝑳 
= 𝟎 

𝒄𝒈 



 Stability in the Lateral Direction: 
 
 

 

 
 Static Weight (While robot is stationery) 

 

𝑵𝑶𝒖𝒕𝒆𝒓 = 𝒎𝒈 ∗ 

 

𝑵𝑶𝒖𝒕𝒆𝒓 = 𝒎𝒈 ∗ 

𝒘⁄𝟐 
= 

𝒘 
𝒘⁄𝟐 

= 
𝒘 

𝒎𝒈 
 

 

𝟐 

𝒎𝒈 
 

 

𝟐 

 Weight Transfer in the Lateral Direction 

Taking the moment about the Inner Wheel 

𝑵𝒐(𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑛 𝑡ℎ𝑒 𝑂𝑢𝑡𝑒𝑟 𝑤ℎ𝑒𝑒𝑙𝑠) ∗ 𝒘 

 
= 𝒎𝒈 ∗ 

 
𝒎𝒈 

𝒘 
+ 𝒎 

𝟐 

𝑽𝟐(𝑅𝑜𝑏𝑜𝑡 𝐿𝑜𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦) 

𝑹(𝐶𝑜𝑟𝑛𝑒𝑟 𝑅𝑎𝑑𝑖𝑢𝑠) 
∗ 𝒉𝒄𝒈 

𝒎 ∗ 𝑽𝟐 𝒉𝒄𝒈 
𝑵𝑶𝒖𝒕𝒆𝒓 = (𝑺𝒕𝒂𝒕𝒊𝒄 𝑾𝒆𝒊𝒈𝒉𝒕) + 

𝟐 𝒘 ∗ 𝑹 
(𝑾𝒆𝒊𝒈𝒉𝒕 𝑻𝒓𝒂𝒏𝒔𝒇𝒆𝒓) 

Robot weight won't change 

𝒎𝒈 
 

𝒎 ∗ 𝑽𝟐 𝒉𝒄𝒈 
𝑵𝑰𝒏𝒏𝒆𝒓 = (𝑺𝒕𝒂𝒕𝒊𝒄 𝑾𝒆𝒊𝒈𝒉𝒕) − 

𝟐 𝒘 ∗ 𝑹 
(𝑾𝒆𝒊𝒈𝒉𝒕 𝑻𝒓𝒂𝒏𝒔𝒇𝒆𝒓) 

 𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝑹𝒐𝒍𝒍 𝒐𝒗𝒆𝒓 𝑪𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏 
 

 

𝒎𝒈 𝒎 ∗ 𝑽𝟐 𝒉𝒄𝒈 𝒈 𝒘 𝑹 
𝑵𝑰𝒏𝒏𝒆𝒓 = 

𝟐 
− 𝒘 ∗ 𝑹 

= 𝟎 𝑽 = √
𝟐 ∗ 𝒉 

 
𝒄𝒈 


