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Announcements

No class Thursday; enjoy Engineer’s Day

Tuesday: Graphical construction of converter
transfer functions with Zhuxian

HW #5 due today
HW #6 due Tuesday, 10/29; posted this afternoon




7.5 The canonical circuit model

All PWM CCM dc-dc converters perform the same basic functions:

- Transformation of voltage and current levels, ideally with 100%
efficiency

+ Low-pass filtering of waveforms
- Control of waveforms by variation of duty cycle

Hence, we expect their equivalent circuit models to be qualitatively
similar.

Canonical model:

+ A standard form of equivalent circuit model, which represents
the above physical properties

* Plug in parameter values for a given specific converter

7.5.1. Development of the canonical circuit model
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Steps in the development of the canonical circuit model
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Steps in the development of the canonical circuit model
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4. Control input variations also induce ac variations in converter waveforms

+ Independent sources represent effects of variations in duty cycle

+ Can push all sources to input side as shown. Sources may then become
frequency-dependent

Transfer functions predicted by canonical model
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7.5.3 Canonical circuit parameters for some
common converters
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Table 7.1. Canonical model parameters for the ideal buck, boost, and buck-boost converters
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7.6 Modeling the pulse-width modulator
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A simple pulse-width modulator
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Equation of pulse-width modulator

For a linear sawtooth waveform:
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Perturbed equation of pulse-width modulator

PWM equation: Block diagram:
din = !Vﬂ forO=sv(n=V,
M -
V.o+7.(5) 1 D +d(s)
_ > i -
Perturb: Vi
v(=V. +i(n Pul il
- uise-widih
d(n =D +d(1) modulator
Result: 2 .
Dc and ac relationships:
x V. + 0.1 v
D+d(ty=———+< il
“ V" b V.\.r
din = "",E”
M

Sampling in the pulse-width modulator

The input voltage is a
continuous function
of time, but there ” Sampler P
can be only one ¢ " % ;{
discrete value of the Tl Va
duty cycle for each S
switching period.

Pulse-width modulator

Therefore, the pulse-
width modulator
samples the control
waveform, with sampling rate equal to the switching frequency.

In practice, this limits the useful frequencies of ac variations to values
much less than the switching frequency. Control system bandwidth must
be sufficiently less than the Nyquist rate f,/2. Models that do not account
for sampling are accurate only at frequencies much less than f/2.




Chapter 8. Converter Transfer Functions

8.1. Review of Bode plots
8.1.1. Single pole response
8.1.2. Single zero response
8.1.3. Right half-plane zero
8.1.4. Frequency inversion
8.1.5. Combinations
8.1.6. Double pole response: resonance
8.1.7. The low-Q approximation
8.1.8. Approximate roots of an arbitrary-degree polynomial

8.2. Analysis of converter transfer functions
8.2.1. Example: transfer functions of the buck-boost converter
8.2.2. Transfer functions of some basic CCM converters
8.2.3. Physical origins of the right half-plane zero in converters

Converter Transfer Functions

8.3. Graphical construction of converter transfer
functions
8.3.1. Series impedances: addition of asymptotes
8.3.2. Parallel impedances: inverse addition of asymptotes
8.3.3. Another example
8.3.4. Voltage divider transfer functions: division of asymptotes

8.4. Measurement of ac transfer functions and
impedances

8.5. Summary of key points




8.2. Analysis of converter transfer functions

8.2.1. Example: transfer functions of the buck-boost converter
8.2.2. Transfer functions of some basic CCM converters
8.2.3. Physical origins of the right half-plane zero in converters

Buck-boost converter model

From Chapter 7
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Bode plot of control-to-output transfer function
with analytical expressions for important features
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8.2.1. Example: transfer functions of the

buck-boost converter

Small-signal ac model of the buck-boost converter, derived in Chapter 7:
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Definition of transfer functions

The converter contains two inputs, d(s) and v.(s) and one output, #(s)

Hence, the ac output voltage variations can be expressed as the
superposition of terms arising from the two inputs:

7(s) = G, (5) d(s) + G, (5) T.(s)
The control-to-output and line-to-output transfer functions can be

defined as
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Derivation of
line-to-output transfer function G,(s)
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Derivation of transfer functions
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Derivation of transfer functions

Divide numerator and denominator by R. Result: the line-to-output
transfer function is
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which is of the following standard form:
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Salient features of the line-to-output transfer function

Equate standard form to derived transfer function, to determine
expressions for the salient features:
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Derivation of
control-to-output transfer function G,,(s)
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There are two d sources. One way to solve the model is to use superposition,
expressing the output ©* as a sum of terms arising from the two sources.

Superposition
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Control-to-output transfer function

Express in normalized form:
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This is of the following standard form:
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8.2.2. Transfer functions of
some basic CCM converters
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where the transfer functions are written in the standard forms
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