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3.5. Example: inclusion of semiconductor conduction
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3.1. The dc transformer model

Basic equations ol an ideal
dc-dc converter:
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These equations are valid in steady-stale. During
transients, energy storage within filter elements may cause
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Equivalent circuits corresponding to
ideal de-dc converter equations
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The DC transformer model

P rolg =D ¢

L 1= M /

——
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Models basic properties of
il v '% v fiower ideal dc-de converter:

FRTET ¥ ol

= conversion of de vollages

= o and currants, ideally with
100% efficiency

I o - conversion ratio M
controllable via duty cycle

Comiral inpur
* Solid line denotes ideal transformer mode!, capable of passing dc voltages
and currents

+ Time-invariant model (no switching) which can be solved to find de
compenents of converter waveforms
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Example: use of the DC transformer model

1. Criginal system 3. Fush source through iransformer
R .
MUUDK,

Switching

My,

4. Solve circuit
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Analysis of nonideal boost converter
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Inductor voltage and capacilor current waveforms

Average inductor voltage: "Wy @

K
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=DV, =1 R)+ D(V,~ R, - V) '

Inductor volt-second balance: i), I Vil

0=V,~IR, DV

Average capacitor current: 1 ;

(i} =D (- VIR + D' (I1-V/R)

Capacilor charge balance:
O0=DI-VI/R
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Solution of equivalent circuit

1.
=

Refer all elements to transformer
secondary:
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Solution for outpul vollage
using valtage divider formula:
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Solution for input (inductor) current
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Solution for input (inductor) current

1 Ea
1“‘3,,\“, ‘:ﬁo/ﬂﬂ'ﬂ+ﬁr e “;‘E_FR 1‘3 ]1

C,ﬂ"f""ﬂ' 'l“l gmu ?o qa

Fundamentals of Power Eleclrorics " Chapter 3: Steady-state equivalent cireult deling, ...



") = VV'V" Ve ‘

the dc tr rmer mod
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wire &; Push source through transformer

Example: use
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Solution for converter efficiency
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Efficiency, for various values of R,
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Solution for output voltage

We now have hwo

aguatiuns ?nd two .: -' M
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Eliminate / and R
solve for v 5
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We now have two
equations and two
unknowns:

0=V,~1R,-DV
O=DT-V/R

Eliminate / and
solve for v: c \\'3
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155-3: 3.5. Example: inclusion of semiconductor
Egllg.lﬂ_ig}_l_l_ﬂ_sggs in the boost converter model
M
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L ST wWestl o™
Models of on-state semiconductor devices: oW o
2\ =
MOSFET: on-resistance R 00 41 - ¥ SV
ON
@) Diode: gonstant forwad valage V), plus on-resistance X
_‘-d
Insert these models into subinterval circuits
Wotomponests
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Chapter 3. Steady-State Equivalent Circuit
Mudeling Lusses and Efflciency

3.1. The dc tran ner model ‘f U‘" ]
3.2. Inclusion of inductor copper loss | 6#

3.3. Construction of equivalent circuit model

Los5€)
3.4. How to obtain the input port of the model »é

OFeT
3.5. Example: inclusion of semiconductor conduction Sw

losses in the boost converter model O diole
3.6. Summary of key points \ f L w‘ E gﬂ.
Ly *
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Summary of chapter 3

e ; =
——— 5 gy

1. The de trapsiomermode! represents the primary functions of any de-de
converter: transformation of dc voltage and current levels, ideally with M,(,D)

100% efficiency, and control of the
This model can be easily manipulated and solved using familiar techmquus
of conventional circuit analysis. |

2. The model can be refingg to account for_logs glements such Qnductor
winding resistance and'semiconduclor on-resistances and forward voltage
drops. The refined model predicts the vollages, currents, and efficiency of
practical nonideal converters.

3. In general, the de gguivalent cirgull for a converter can be derived from the
inductor volt-second balance and capacitor charge balance equations.
Equivalent circuits are constructed whose loop and node equations
coincide with the volt-second and charge balance equations. In converters
having a pulsaling input cuccant, an gdditional equation is needed to model
the converter input port; this equation may be obtained by averaging the
converter input current.
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Three basic de-dc converters
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Use the |, wavelorms and integrata:
wilh &

Mo from DC analysis:
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. Static and Dynamic Swilch Loss m Real Converlers

A General Switch lssues
Claarly voltage drops across the eneroy slorege inductar, Vi,
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14

Consider both DG and AMS currents end their stalic effects
bul neglecling dynamiz swilching losses..,
1. Static or Non-switching power losses:

Reactive alements:
+«Capacitors sinductors on cores
In practice ific R, L, and C componants arizing often

make up circuit model components though H{dﬂ
nat appear on the bill of lading. ﬂd.
Resistance eflects Include: ﬂﬂﬂ ‘I'

th | including skin effects.
%gﬁam.mmm
device characteristics such az R, of the transiztor
of R of the diode.
: 1
~EaBalallcagagiors = R+ ———
W

These may appear in input or culpal circuits depending on
convarer topalagy and cause loss of power efficiency, n.

For example V., and R, of semiconductor
devicez. Ses Chapter 5 of Erickson’s text

ok
-MOSFET's ¥ Vg
+GTO (Gats turn-off Thyristar) T,
»MCT (MOS-Controlied Thyristor) Voleu

Below we show the V., three switches:for MOSFET{highest
walue, for the ISBT, and for the BJTllowest value). E
v
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P e e
pllicmacy 10 summary,wire resistance: a‘dhﬁz!mt
device losses dus ko WV, of the dicde and R (ransistor)
a. Dlodl\fmﬁﬁued#bWﬂFu{sﬂ=anM
{usually R.,, of a8 dipde is neglgise) Il‘l’
b. Transistor Ry} o fixed and P, = R,
(usually V', of a diode is negligible)
On the neod page we show the two exirems swilch
canditions: cutoff and saturation.
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Boost converter example: circuits durmg

sublrzel V,dlb(h\dnd 2 E : :
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Average inductor voltage and capacitor current

(L.F}nmv‘_jRL@DI{VL—IH, Gin!.ﬁnj V:|=ﬂ

(ic) = D=VIR) + D'(I - VIR) = 0
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Construction of equivalent circuits
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Complete equivalent circuit 165
Combine bath Loops
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Solution for output voltage V‘j
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Solution for converter efficiency
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Conditions for high efficiency: e 5&**’07 4r¢rﬁ{"4 M

VI D 5>V,
and D'R>>R, +DR,_+DR,

" R, + DR, +DR‘
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