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« Power Regulation

— Transformers
— Rectifiers
— Linear Regulators

— Switching Regulators

« How much power?
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« Exchange voltage for current to reduce potential difference
(voltage) across two points

— The difference in number of turns between the two windings determines

the ratio of voltage input to voltage output
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— Note: no conductive element between v, and v,!
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* Single-tap

— One voltage output v,

 Multiple-taps/windings
— Provide multiple voltage outputs
— Multiple taps
Must share common point
— Multiple windings
« Can usein series (like a tap) to get

multiple voltages or in parallel to
increase current output
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e DCvs AC

— DC = Direct Current: used in most electronics & batteries

: : ..V
— AC = Alternating Current: used during common electricity |5

generation (power plants, motors with rotating magnets) ~Vac

* Preferred method to transmit over long distances

 For DC projects must convert AC to DC: use rectifiers
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Half Wave Rectifier Full Wave Bridge °° V
— Many types:
y typ V.
« Most common: half wave and full wave
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« A full-wave bridge rectifier effectively provides abs(Vac) at the output

A capacitor “flattens” the sinusoidal AC signal for a relatively flat DC output

— The output will always have some ripple, must use a regulator to fully flatten the

signal

_
~uy
T

T~
~
L
—_

v,.~>0

T
T,
~

|
LT
N~ -

T~

Vac<0

4—

GND

-

|

@
z
O

|||||- Massachusetts Institute of Technology

_
~
T

N~
~—L
Lt
—

Vdc>O

h
AN
L
L
—"
T~
-
. -
LT

V=0

> Vde
t

AN N\ N
ITAWAWANA /‘\
/) " - 1
LI B =
. GND
Capacitor

16.682 - Prototyping Avionics



ulators

: . Vin V
- Regulate an input voltage to: T . . UIN s T
— Reduce voltage to exact needs +a GND N+
— Provide constant output T o T
* No ripple
* Regardless of load (even changing load) 1
GND

« Simplest design of all regulators

— Only needs capacitors as external components, no high-frequency elements
* Input voltage (abs) MUST be higher than output voltage (abs)

— Linear regulators cannot increase or invert voltage

« Power lost in regulator is linear WRT current pull and voltage drop (V,,-V,,.)

— Useful for small currentgng/or small voltage drop

* Efficiency is linearwRT the voltage drop (V in-V,,,)
— Most efficient with small voltage drop...

|||||- Massachusetts Institute of Technology 7 16.682 - Prototyping Avionics



lator Model

i — Vout
Rreg Out R
- N\ R \ load
Vin )> v >>Vou _ _
Rload Iin — Iout

l ' I:)reg = iout (Vin _Vout)

p— off = Pout _ bout Vout Vout
I:)reg + Pout lout (Vin ~Vout )+ lout Vout Vi

GND

— The effective resistance of the circuit, R ,,4, determines the necessary current
* The input current must be the same as the output current
« Example:

V, =7V, V, =5V, i=100mA

Preg = 0.2W, P, = 0.7W, eff=71% reasonable use, no heatsink
V,,=7V,V ou=5V, i=1A

Preg= 2W, P tor= 7W, eff=71% NEED heatsink to dissipate 2W!
V,=20V,Vout =5V, i=100mA

Preg= 1.5W, Pwor=2w, €ff=25% UNreasonable use, a lot of power wasted, low efficiency!
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 Regulate an input voltage to: l Current
— Decrease, increase, and/or T anr S @ 407/::WitCh”
invert a voltage ' Feee
« Allow for large input/output i - .
voltage differentials T il = ale gmH Inductor
« Can only increase or = ’ I-s;DNulator \ =
decrease voltage, not both 2 %ﬂtrollegﬁi z ~ N Ezgi?g:k
Practically get rid of ripple S vcc(%s.w)

« Complex design e T 5 i y Output
— Uses many external components ' N - Capacitor
« Design uses an inductor to create the necessary voltage by driving current through it
at high frequencies (~100-500kHz)

— Utilizes feedback of both current (through sense resistor) and voltage (at output)

H—

— Output voltage has small noise at operating frequency, usually insignificant

 Usually 80-95% efficiency, dependent on current pull

— Driving the high-frequency signal requires a minimum constant power input, even if the
output is disconnected (no current)
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E,:I:« i

ulator Model ol

 No simple model

— It is a feedback loop where the sensor drives the “current switch” as necessary

 For design purposes can assume that power in equal power out, plus the
efficiency factor

— For design one must know the necessary current supply for V,,

Vinlin — P — I:)out out out
i = Voutlout . 1
"y eff

In

« Example: from datasheet, since the model of
a switching regulator is not always the same
— Note different curves for different input voltages

— Note very low efficiency for low output currents

|||||- Massachusetts Institute of Technology 10 16.682 - Prototyping Avionics



do you need? el

« Remember itis very simple:

— P =1V, always as far as we're concerned

— Power can be added

» If you know the power of individual components, and are given the voltage &
current for others, add the power together!

— Account for regulator efficiency

» Select the best type of regulator for your needs, consider both design (linear
is simple) and efficiency/power dissipation (usually switching is better)

— Allow for at least 20% margin

« After considering regulator efficiency
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