Part Il: Converter Dynamics and Control

7. AC equivalent circuit modeling
8. Converter transfer functions

9. Controller design

79" Input filter design

32¢. AC and DC equivalent circuit modeling of the
discontinuous conduction mode

72 Current programmed control
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7.1: Introduction
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Objectives of Part Il

Develop tools for modeling, analysis, and design of converter control
systems

Need dynamic models of converters:

e —
How do ac variations in v, (), R, or d(t) affect the output voltage v(1)?
What are the small-signal transfer functions of the converter? LT "'M‘V

+ Extend the steady-state converter models of Chapters 2 and 3, to 4‘"”"""\_/&9
include CCM converter dynamics (Chapter 7) “ “(Q *d (o)
—”'

+ Construct converter small-signal transfer functions (Chapter 8)
+ Design converter control systems (Chapter 9)
- —"

Design input EMI filters that do not disrupt control system operation
Chapter 10)

Wodel converters operating in DCM (Chapter 11)
XCurrent-programmed control of converters (Chapter 12)
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Neglecting The Switching Ripple

where D and D,, are
constants, |D, | < D,
and the modulation
frequency w,, is much
smaller than the
converter switching
frequency o, = 2xf,.
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Suppose the duty cycle The resulting variations in transistor gate
is modulated drive signal and converter output voltage:
sinusoidally:
Gate
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Modulation @

Output Voltage Spectrum
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Contains frequency components at:

« Modulation frequency and its
harmonics

+ Switching frequency and its
harmonics

+ Sidebands of switching frequency
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With small switching ripple, high-
frequency components (switching
harmonics and sidebands) are small.

If ripple is neglected, then only low-
frequency components (modulation
frequency and harmonics) remain.
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Objectives of AC Modeling )
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+ Predict how low-frequency variations in duty cycle induce
low-frequency variations in the converter voltages and
currents

+ Ignore the switching ripple = o\wwn\). o]
+ Ignore complicated switching harmonics and sidebands

ok Car By W newrruda

+ Remove switching harmonics by averaging all waveforms
over one switching period

Approach:
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Low-frequency Averaging

Average over one switching

- L Note that, in steady-state,
period to remove switching ————,

ripple:
L = (n0),=0 | Ne leger
L % - <v (t)) (i) = 0 +rue
dt =N Ty i, /—‘
d{ve@))..
C % = (i C(t)>7. by inductor volt-second
* balance and capacitor charge
where balance.
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