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Inductor voltage and ca ’%mﬂwca current waveforms

Two v;.n y 5.!&0 ¢cqvatisns
ﬁ._ -_ Average inductor voltage: @ V. - IR,
(vi()) = % .—ﬂ. v, ()t ~—of,— 21— )
uEﬂ.rh.m”v+E_.g|h.mﬁa:_ v, IR~V :
Inductor volt-second balance: qﬁ\h | I- ViR
0=V,-IR,-DV -
E Average capacitor current: =i

(id)) =D (~VIR)+D' (I-V/R)

Capacitor charge balance:
0=Df-V/R

Fundamentals of Power Electronics . 10 Chapter 3: Steady-state equivalent circuit modeling, ...
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Solution for output voltage 210 \
oo .
.ﬁf.ﬂ_ 4 Ot

We now have two G
equations and two
unknowns:

0=V,-IR,-DV
0=DI-V/R

Eliminate 7 and

solve for v ﬁf@
v_1 *1
V. D'(1+R,/DR)

Vv,

'\* -tﬂg‘v e

Y mﬁ» p il
\P- #tﬁ_-“_ o 61 62 63 04 M o 907 &b  ba :
O timit VIT) 15 Jovble valvad

Fundamentals of Power Electronics 'l Chapter 3: Steady-gtate equivalent circuit modeling, ... .
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Solution for output voltage

We now have hwo

mmcm__c:m and two .
: 4 — g

0=V,~IR,-DV 354 r~hmﬁ.\u._v

D=D-V/R 1
Eliminate / and w. i
solve for V: 3
u,rl.qH _. ~ 1.5
Vo D' (1+R,ID’R)
f-lll.‘._l - I

s. G'w 0.5
0 ‘v Arﬁ* # ' f a1 02 03 04 05

deal  educkien :

Fundmmentals of Power Electronics n Chapter 3: Steady-state equivalent circuit modeling, ...
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AQM.\W 3.59. Example: inclusion of semiconductor
conduction losses in the boost converter model

ﬁ—.—.u .q.ﬁ.
. AN
Models of on-state semiconductor devices: owN _ . -
. hu ._.l |I..l.llr-f _.F .” w._-..-.ﬂ
MOSFET: on-resistance R, ’ 't ~ . o
@ Diode: constant forward voltage V,, plus on-resistance R, |

Insert these models into subinterval circuits

A Motom passcst?

Fundamentals of Power E ics Au: = h aj Chapter 3: Steady-state equivalent circuit modeling, ...
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Analysis of nonideal boost converter

Fundamentals of Power Electronics T Chapter 3: Steady-state equivalent circuit muodeling, ...
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Inductor voltage and ca ..%mn?u_. current waveforms

Two ste sFate cquatisns
ﬁ- .u Average inductor voltage: @ V.~ Ik,
AEE .__.h v (di e e ;
=D(V,~IR)+D(V,~1R,~V) V, IR,V ;
Inductor volt-second balance: Am,\.,u_,u. $ I - VIR
0=V,-IR, -DV .
E Average capacitor current: VR

{idD)=D(-VI/R)+D' (I-V/R)

Capacitor charge balance:
0=DI1-VI/R

Fundamentals of Power Electronics . 10 Chapter 3: Steady-state equivalent circuit modeling, ...
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Solution for output voltage = @OAU

_— W A\
_— ey o) - —Ipoder
We now have two G N e i .rf.
equations and two - : u_..f_a
unknowns:
0=V,~IR,~DV WY
0=DI-VIR X
Eliminate / and g s
solve for V: ﬂ.f..@
vV _1 i -
V., D (1+R,/D"R)

=
Noval” ..
5@7/\ beest .

P ” 't“ ﬁ 0 ] 0.2 a3x T H‘u L oy (L nw I
O Nimit V)15 Jovble valved
Fundamentals of Power Electronics 1 Chapter 3: Steady-gtate equivalent circuit modeling. ...
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Solution for output voltage <o

We now have lwo
uations and two

0=V, —IR,-DV 15

O=D1-VIR 3

Eliminate / and X 2

solve for V:

| | 15
V. D' (1+R,/ DR

rlll.‘l r |

New . o

o ‘p _‘o“ # ; i __..__”_ 02 0.3 04 (L5 _....”_____ a”.___ 0.8 0.9 |

Weal «wvze#roa D

Fundamentals of Power Electronics H Chapler 3: Steady-state equivalent circuit modeling, ..
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Avmran. 3.5. Example: inclusion of semiconductor
conduction losses in the boost converter model

Boost gonverter example

.
Models of on-state semiconductor devices: ﬂ:n v f‘.. . AV
e MOSFET: on-resistance R, 20 % = .f“ _..,.” —
(%) Diode: constant forward voltage V,, plus on-resistance R, |

Insert these models into subinterval circuits

A “Wogom panests

Fundamentals of Power Elecgronics - M\ \bv ‘Chapter 3: Steady-state equivalent circuit modeling, ...



Boost converter example: circuits during
subintervals 1 and 2

% ) f.;ﬂm

e

A

ﬁ\g switch in position 1 \

-

Fundamentals of Power Electronics 2 Chapter 3: Steady-state equivalent circuit modeling, ...



Average inductor voltage and capacitor current

PA ....‘_,..:..,u h V. —IR, -IR,,
Y42 e

A.m ¢ =
“ h
V, — IRy~ Vp— IRy~ V
i (t)
I- VIR

-V/R

(v,)=D(V,-IR,~IR,)+D'(V,~ IR, -V, — IR, - V) =0

(ic)=D(-=VIR) + D'I - VIR) =0

Fundamentals of Power Electronics 27 Chapter 3: Steady-state equivalent circuit modeling, ...
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Construction of equivalent circuits

Enypvt Cive
V,~ IR~ IDR,~DV,~IDRy~DV=0
R, DR, D DR,
...HMH- +IDR_ - ~ +__mw___.u.__.m.u-
ﬁmﬁv O +] oty
I
L\ 7z0
b -
DI-VIR=0 OC*A...# W oo Pr
ViR
= =
Dt V SR

Fundamentals of Power Electronics 28 Chapter 3: Steady-state equivalent circuit modeling, ...
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Complete equivalent circuit 165
—e e 2 BAN . Dt Leops ta

Fundamentals of Power Electronics 29 ° Chapter 3: Steady-state equivalent circuit modeling, ...
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Solution for output ,Eu:mmm

&9. ﬂ. mi.ff loss
emmqeﬁa% Covrrectians

0 Chapter 3: Steady-state equivalent circuit modeling, ...



Solution for converter efficiency

F=(V,) )

Ny
=

P,.=(V) (D)

5

e _+x + DR, +bﬁ
DR

é pe __.._I*& ?Nﬁ

Cirdiitions for igh GHeRncy: @t D t.-np.naq

V./ID' >>V,
and D’R>>R,+ DR, +DR,

Fundamentals of Power Electronics 31 Chapter 3: Steady-state equivalent circuit modeling, ...



onstruction of equivalent circuit model

@\o. tous Goodt pﬁbqu_.u Via
~Solwe Hr m D)

volt-sec balance and

(v)=0=V,~IR,-DV
)=0=D7-V/R

F e

i

View these as loop and node equations of the equivalent circuit.

Reconstruct an equivalent circuit satisfying these equations
Illr.ll —

Fundamentals of Power Electronics tz - Chapter 3: Steady-state equivalent circuit uEm&Ew.




Inductor voltage equation

(vi)=0=V,~IR,-DYV,

* Derived via Kirchoff's voltage
law, to find the inductor voltage
during each subinterval

* Average inductor voltage then
set to zero

* This is a loop equation: the dc
components of voltage around
a loop containing the inductor
sum to zero

Fundamentals of Power Electronics

Equation . ¢ hw.ﬂb.ﬁm\f TS

h.-Huh.”_..l..Ml.__ .{f.
+ <y >— +IR, -
=

+

ﬁ@ O

ti53.10
i

* IR, term: voltage across resistor
of value R, having current /

. -mta@ﬂg for now, leave as
ependent source

13 Chapter 3: Steady-state equivalent circuit modeling, ...



Complete equivalent circuit
Both ¢ revits Yogcather

-
-—

The two circuits, drawn together:

_m_.__..

. A .
5% O pvi i+l Y|t v <R
The ivalent
toaD':]transformer: 4. b

R e Epﬁ-

I E
Ve @ 23 v SR * Sources have same coefficient
* reciprocal voltage/current
- dependence

Fundamentals of Power Electronics 15 Chapter 3: Steady-state equivalent circuit modeling, ...
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~
(il)=0=DI-VIR A m@.l*ﬂl Cincut
node

» Derived via Kirchoff's current
law, to find the capacitor
current during each subinterval

* Average capacitor current then
set to zero

* This is a node equation: the dc
components of current flowing
into a node connected to the
capacitor sum to zero

Fundamentals of Power Electronics

o _w Figd)

R

L ]
+

I hﬂ,
Sy
—

D1 |t

"
(PN 1 T s ]
.

|

* V/R term: current through load
resistor of value R having voltage V

» D'l term: for now, leave as

dependent source

4 Chapter 3: Steady-state eguivalent circuit modeling, ...



Solution of equivalent circuit

J:- : —_
Converter equivalent circuit Vce Ywo TGQ.%U m Q

_n mg O™ \0eP rovids are

H #% L “ M 0ve; 1
ks .m“r il ._.:ﬁo.rehb .
] kﬁ AN a&..rf.otu

Solution for output voltage

using voltage divider formula:

Refer all elements to transformer
secondary: . ﬁ - U&
D' “N—m
V /D' v w R J

" Fundamentals of Power Electronics | 16 Chapter 3: Steacy-state equivalent circuit modeling, ...



Solution for input (inductor) current

Fundamentals of Power Electronics 1T Chapter 3: Steady-state equivalent circuit modeling, ...



Solution for converter efficiency

Now D chhicicney is £LD)

P,=(V) () . AN

W .. ﬁ )
P,.=(V)(D'T) O $

@D _v
Vo ~V,

x m.ao.ﬁw
VY Ul

Fundamentals of Power Electronics I8 Chapter 3: Steady-state equivalent circuit modeling, ...




hciv?.r....? Yov TuUw bogst ot Wiyh D

m_umﬂm:n% for various ﬂm_zmm of R,

ﬁf*j __._I..tf ;I.I.il.|l ry

q“:_““wm o | X Gt
2\ V¥
s =1 oo NN\ | Kb
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