0.200 - Lecture 14

Energy Processing

* Energy-Efficient Delivery
* Simple Power Electronics
* Pulse Width Modulation

* First-Order Review

* Time Averaging

* Audio Example



Challenge: Efficient Energy Delivery
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What goes here for greatest efficiency?

Complexities:
* Voltage mismatch
e Time-varying supply voltage

* Time-varying load voltage and power demand

* Varying load characteristics

Efficiency Benefits:
* Reduced energy cost

* Simplified thermal management



A Simple Energy Processor
(But, is it a good one?)
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Design and Operation:

* Repurpose the amplifier studied earlier.

* Design the amplifier such that
min{v¢} =2 max{v =R *i}.

 What if the design is not possible?

* Choose v, to provide i, and v,.



Enerqy Efficiency
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The Challenge Revisited

Thig “deuice” must
-éypeﬁfvu Mo
Vo H‘Aje U= RL'LL ;
od <o must

. dissipate. Hha power
! (Vg-Ria )4 i i+
S lg digel pative .

W hat a\oouuk mom—&tg§~paﬁuf’. c&fd\‘r:(’&?
s Cafac:)"l'ors
X T\/\a‘v\c+0\fs

¥ Swiktches (Via Trangishkore)



An Alternative Energy Processor
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Cyclic Steady-State Operation
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Inductor-Resistor Network Review
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Intuitive Operation Preview
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Cyclic Steady-State: Averages

d 8 ‘
KNL= L 5 R = U )

4
A\Hr&ie = X = . 5 Alsy ds .. dor oy g
b
b ph s t
A Ly 05 : _ L
Avteage KVL > =t (1L ,_é‘—s,. v RxL(Q) ds = =y ds
£-T 4T

—_—

L. 73 . oo
= — - - A ==
= (A -4l r\>+ R4 =1

S%ca&\ tate = LLH’\:/LL&-W) ... foreveryt

= IL = ———% = {\__{_S_lD
12]__ 2L_ ‘>

PWM  Control Vaviakle



Cyclic Steady-State: Ripples

Define Al = peak-pesk ripple
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Dynamics
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Implementation: PWM
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Implementation: Power Electronics
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