
Sources of Mechanical Energy

• Potential Energy

E = mgh

• Kinetic Energy

E =
1

2
mv2 +

1

2
Iω2

• Spring Energy

E =
1

2
kx2

• Electrical Energy + Motor

E = V It = τωt



Batteries

• Types of Batteries
– Alkaline
– Ni-Cd
– NiMH
– Lead-Acid
– Lithium

• Battery Properties
– Rechargeability
– Energy Density
– Capacity
– Voltage
– Internal Resistance
– Discharge Rate
– Shelf Life



Battery Discharge Curves

• The graph is normalized with respect to a lithium battery
• The dashed lines show output voltage versus battery capacity consumed
• The solid lines show voltage versus time



DC Motor Model

Physical Principles
• Current through a wire produces a magnetic

field
• A wire moving through a magnetic field in-

duces a current
• For multiple windings we find that

τ = Kti

Motor electrical model

La
dia

dt
+ Rmi + Keω = Va

Substituting in for i and solving for τ gives

τ =
Kt

Rm
Va −

KtKe

Rm
ω



Torque-Speed Curves

• DC Motor Equation

τ =
Kt

Rm
Va −

KtKe

Rm
ω

• At ω = 0

τ =
Kt

Rm
Va = τstall

• At τ = 0

ω =
Va

Ke
= ωnoload

Torque-Speed Equation

τ = τstall −
τstall

ωnoload

ω

A transmission changes the slope of the torque-speed curve (line) to provide
more desirable no load speed and output torque characteristics.



Motor Power

When does a motor operate at maximum power?

P = τω = (τstall −
τstall

ωnoload

ω)ω

To find the maximum operating point, take the derivative and set it equal to zero.

∂P

∂ω
= τstall −

2τstall

ωnoload

ω = 0

Solve for ω∗ and corresponding τ∗

ω∗ =
ωnoload

2

τ∗ = τstall −
τstall

ωnoload

ωnoload

2
=

τstall

2



Power and Efficiency

Istall =
Vin

Rm

Efficiency: ηmax =

(
1 −

√
Inoload

Istall

)




