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ECE330: Power Circuits & Electromechanics

Lecture 17. Energy conversion cycles

Prof. Richard Y. Zhang

Univ. of Illinois at Urbana-Champaign

ryz@illinois.edu
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• Example: Switched reluctance machine

• Example: Linear actuator
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Reluctance machine conversion cycle
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Reduction to EFE / EFM problem
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L(θ) = 2 + cos(2θ). Find the EFE / EFM:

• A. Constant θ = -90o, current 0 → 1A.

• B. Constant i = 1A, position -90o 
→ 0o.

• C. Constant θ = 0o, current 1A → 0A.

• D. Constant i = 0A, position 0o 
→ 90o.
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Reduction to EFE / EFM problem

L(θ) = 2 + cos(2θ). Find the EFE / EFM: 

A. Constant θ = -90o, current 0 → 1A.

L’(θ) = 
𝜕𝐿

𝜕𝜃
= – 2sin(2θ). 

τe = 
𝜕

𝜕𝜃

1

2
𝐿 𝜃 𝑖2 = – i2sin(2θ). 
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Reduction to EFE / EFM problem

L(θ) = 2 + cos(2θ). Find the EFE / EFM: 

B. Constant i = 1A, position -90o 
→ 0o.

L’(θ) = 
𝜕𝐿

𝜕𝜃
= – 2sin(2θ). 

τe = 
𝜕

𝜕𝜃

1

2
𝐿 𝜃 𝑖2 = – i2sin(2θ). 
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Reduction to EFE / EFM problem

L(θ) = 2 + cos(2θ). Find the EFE / EFM: 

C. Constant θ = 0o, current 1A → 0A.

L’(θ) = 
𝜕𝐿

𝜕𝜃
= – 2sin(2θ). 

τe = 
𝜕

𝜕𝜃

1

2
𝐿 𝜃 𝑖2 = – i2sin(2θ). 
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Reduction to EFE / EFM problem

L(θ) = 2 + cos(2θ). Find the EFE / EFM: 

D. Constant i = 0A, position 0o 
→ 90o.

L’(θ) = 
𝜕𝐿

𝜕𝜃
= – 2sin(2θ). 

τe = 
𝜕

𝜕𝜃

1

2
𝐿 𝜃 𝑖2 = – i2sin(2θ). 
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Reduction to EFE / EFM problem
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EFEA = +0.5 J

EFEB = +2.0 J

EFEC = -1.5 J

EFED = 0 J

EFEABCD = +1 J
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Reduction to EFE / EFM problem
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τe = – i2sin(2θ) Nm 

Idc = 1 A 16

High-level view: “Four-stroke engine”

Input Output

Stored energy

A B C D

EFE [J] +1/2 J +2 J -3/2 J 0

EFM [J] 0 -1 J 0 0

Av. power out = 1 J / half-cycle = 120 W @ 60 Hz

λ

θ
0o 90o-90o

A

B

C
D

θ

λ

Summary: Energy over a closed loop
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EFE|cycle EFM|cycle
= 0

mech → elec

Generator

elec → mech

Motor

(λ1,x1)

(λ0,x0)

Positive = power input, negative = power output

• Example: Switched reluctance machine

• Example: Linear actuator
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Linear actuator
Game plan

• Get formula for energy

• Evaluate energy at each 

node

• For each path

– ΔE = EFE + EFM

– EFE = ∫ 𝑖 d𝜆
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Game plan
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Game plan
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Game plan

• Get formula for energy

• Evaluate energy at each 

node
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– ΔE = EFE + EFM
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Game plan

• Get formula for energy

• Evaluate energy at each 

node

• For each path

– ΔE = EFE + EFM

– EFE = ∫ 𝑖 d𝜆

Ea = 5J, Eb = 2J, Ec = 3J, Ed = 6J
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EFEa→b = -1.5J, 

EFMa→b = -1.5J, 

EFEb→c = -1.5J, 

EFMb→c = +2.5J, 

EFEc→d = +2.5J, 

EFMc→d = +0.5J, 

λ(i,x) = 5i/x. 
Find EFEcycle, EFMcycle.

Motor or generator?

Linear actuator
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Game plan

• Get formula for energy

• Evaluate energy at each 

node

• For each path

– ΔE = EFE + EFM

– EFE = ∫ 𝑖 d𝜆

Ea = 5J, Eb = 2J, Ec = 3J, Ed = 6J
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λ(i,x) = 5i/x. 
Find EFEcycle, EFMcycle.

Motor or generator?

EFEa→b = -1.5J, 

EFMa→b = -1.5J, 

EFEb→c = -1.5J, 

EFMb→c = +2.5J, 

EFEc→d = +2.5J, 

EFMc→d = +0.5J, 

EFEd→a = +2.5J, 

EFMd→a = -3.5J, 

EFEcycle = -1.5 -1.5 

+ 2.5 + 2.5 = +2 J

Linear actuator

EFMcycle = -1.5 +2.5 

+ 0.5 - 3.5 = -2 J
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