Design of Mechatronic systems
Spring 2026
Mobile Robots Dynamics

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:

A F gir Resistance

Frractive Effort \ FRolling Resistance
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Tractive Effort = T,,(Motor Torque)/Ry(Wheel Radius of the actuated Wheel)

Rolling Resistance = u,..(Coefficient of rolling resistance) * mg



Air Resistance

1

=5 Cq (Coefficient of Drag) = p(Air Density)

* Ar(Projected Fontal Area) x VZ(Robot Velocity)
@ Applying Newton’s Second Law in Euler Form
Tiotor =Tpr+] 0
Tr = (F gir Resistance T FRolling Resistance) * Rw
J = Jmotor T+ JEqWheets T JEq Linear Mass

0 Depends on motion requirements

@ Kinetic Energy of Linear mass = Kinetic Energy supplied by Motor
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kM Vz = * x 02

2 2 Eq Linear Mass
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]Eq Linear Mass — M * RW

@ Traction Limit
Maximum force the motor can generate to move the robot
Tractice Effort Max
= Ngactuated wheet(Reaction on the Actuated W heel)

* pg(coef ficent of friction between wheel tyre and ground)



% Stability in the Longitudinal Direction:

@ Static Weight (While robot is stationery)
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© Weight Transfer in the Longitudinal Direction
Taking the moment about the Front Wheel

Ngr(Reaction on the rear wheels) x L = mg = L, + ma * hgg
L, . . ma x hg, .
N = mg * T (Static Weight) + — (Weight Transfer)
Robot weight won't change

L1 . . ma * hcg .
Nr = mg*— (Static Weight) — — (Weight Transfer)

L
@ Longitudinal Roll over Condition
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% Stability in the Lateral Direction:
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@ Static Weight (While robot is stationery)

W/Z _ mg
Nouter = mg * W - 2
W/Z _ mg
Nouter = mg * -
w 2

© Weight Transfer in the Lateral Direction
Taking the moment about the Inner Wheel

N,(Reaction on the Outer wheels) * w
w VZ(Robot Logitudinal Velocity)

—mgry m R(Corner Radius) " Meg
mg . ) mx* V2 h,
Nouter = —— (StaticWeight) + ———— (Weight Transfer)
2 w * R
Robot weight won't change
mg . ) mx V2 hg,
Ninner = = (Static Weight) — “WiR (Weight Transfer)
@ Longitudinal Roll over Condition
mg_m*Vthgzo V:\/QWR

NInner = 2 wx* R 2 x hcg



