
6

2.1

[1-12]

2.1 S1~S4

L C [16]

2-1

2.2

2.1

LC
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(PWM) [11-16]

(SPWM)

( ) ( )

(Dead Time)

(Bipolar Switching)

(Unipolar Switching)

S1

S4 S2 S3 S1 S2 S3

S4

controlV triV 2-2 [43]

2-2 (a) (b)A B

AB V AB(1)V [43] 
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Amplitude Modulation Index am

control
a

tri
m v

v a0 m 1 2-1

controlv triv

Frequency Modulation Ratio fm

s
f

1

fm
f 2-2

sf

1f

sf

1f

am fm

1 am 2-3 [43]

(1) a0 m 1

am

(Linear Modulation)

(2) a1 m 4/

(Over-Modulation) am 1

(3) a4/ m
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a
4m am

(square- wave)

2-3 am
AB dcV / V

h
[43]

2 fm ABV

ABV 2-4

AB dcV / V
h

[43]

2-4 AB dcV / V
h

[43]

3 fm fm
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2.1 1S 2S 3S 4S ABV

control tri >  v v 1 4S ,S 2 3S ,S ABV dcV

control tri <  v v 2 3,S S 1 4S ,S ABV dc-V  

ABV ABV

2-1 AB V dcV dcV

2-1 ABV

S1 S2 S3 S4 ABV

dcV

dc-V

2-1 A B

controlv control-v triv 2-5 [43]
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2-5 (a) (b) ANV (c) BNV

(d)AB ABV AB(1)V [43] 

ABV

ABV 2-2

2-2 ABV

S1 S2 S3 S4 ABV

dcV

dc-V
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1 a0 m 1 ABV am (2-3)

   am

AB V

AB(1) a dcV  = m V 2-3

2 fm

(sidebands) 2-6 [43]

2-6 AB dcV / V
h

[43]

3 ABV

2-4 2-6

AB V

L C
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4 ABV dcV dc-V

AB V dc dcV ,0, V

PWM

2-1 1S 4S AB dcV V

2S 3S AB dcV V

2.3

2-1

1. 1 4S ~S 1 4~d d

1 2 1d d                    (2-4) 

3 4 1d d                    (2-5) 
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2- ;   1, 2.P Pm m P                (2-6)  

1 4~m m 1 4S ~S 2-7

,

, ,

V 1 1 * ;   1 ~ 4
2*V 2 2 V
tri peak k k

k
tri peak tri peak

m md k                  (2-7) 

,Vtri peak ,Vtri peak =1

(2-4) (2-7)

2 11d d                    (2-8) 

3 11d d                    (2-9) 

4 3 11d d d                                      (2-10) 

2-7  PWM

2. 2-2

(Mode1) (Mode4)
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1 4T ~T

1 2 3 4 ST +T +T +T =T          (2-11) 

ST

Mode1 1S 4S 2S 3S 2-8 KVL

        KCL

L
dc o

o o
L

L

di ( )L V V ( )
dt

dV ( ) V ( )C i ( )
dt Z

t t

t tt
                              (2-12) 

2-8  Mode1

Mode2 2S 3S 1S 4S 2-9 KVL

        KCL

L
dc o

o o
L

L

di ( )L V V ( )
dt

dV ( ) V ( )C i ( )
dt Z

t t

t tt
                              (2-13) 
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2-9  Mode2

Mode3 1S 3S 2S 4S 2-10 KVL

        KCL

L
o

o o
L

L

di ( )L V ( )
dt

dV ( ) V ( )C i ( )
dt Z

t t

t tt
                              (2-14) 

2-10  Mode3

Mode4 2S 4S 1S 3S 2-11 KVL
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        KCL

L
o

o o
L

L

di ( )L V ( )
dt

dV ( ) V ( )C i ( )
dt Z

t t

t tt
                              (2-15) 

2-11  Mode4

(2-12) (2-15)

L
1 o

o o
L

L

di ( )L [2 ( ) 1] V ( )
dt

dV ( ) V ( )C i ( )
dt Z

dc
t d t V t

t tt
          (2-16) 

12 ( ) -1 ( )d t d t                 (2-17) 

(2-17) (2-16)
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L
dc o

o
L

L

di ( )L ( )V V ( )
dt

dV ( ) V ( )C i ( )
dt Z
o

t d t t

t tt
            (2-18) 

( ) ( )LL Li t I i t                                      (2-19) 

V ( ) V ( )oo ot v t                                    (2-20) 

( ) ( )d t D d t                 (2-21) 

dc dcV ( ) V ( )dct V t                (2-22) 

(2-19) (2-22) (2-18)

L

d[ ( )]L [ ( )]* [V ( )]
dt

d[V ( )] [V ( )]C [ ( )]
dt Z

LL
odc o

o oo o
LL

I i t D d t V v t

v t v tI i t
                (2-23) 

(2-23)

L

d ( )L ( ) ( )
dt

d ( ) ( )C ( )
dt Z

L
odc

o o
L

i t d t V v t

v t v ti t
                              (2-24) 

(2-24)
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dc
L o

o L o
L

V 1sI s D s V s
L L
1 1sV s I s V s
C Z C

           (2-25) 

LI s oV s D s ( )Li t ( )ov t ( )d t

(2-25)

2

L

G(S) 1 1
Z

dc

o

V
V s LC
D s s s

C LC

                         (2-26) 

G(s) (2-24)

2-12

LZ

dcV sL
1d

D

vdc

(t) (t)Li
sC

1Ci (t)

oi (t )

+

+
+

+_(t)Lv(t)vAB

(t)ov
_

ov (t)

1

2-12
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2.4

ov

( ) sino mv t V t                                      (2-27) 

(2-27) (2-16)

2m
1

dc L

V L 1d ( ) 1 LC sin t cos t +
2V Z 2

t                (2-28) 

2m
2

dc L

V L 1d ( ) 1 LC sin t cos t
2V Z 2

t               (2-29) 

2m
3

dc L

V L 1d ( ) 1 LC sin t cos t
2V Z 2

t               (2-30) 

2m
4

dc L

V L 1d ( ) 1 LC sin t cos t +
2V Z 2

t                (2-31) 

(2-28)

2
22m

1
dc L

V L 1d ( ) 1 LC sin t+ +
2V Z 2

t              (2-32) 



21

1 L
2

Ztan
1

L

LC
0 1

2
22m

dc L

V L 10 1 LC sin t+ + 1
2V Z 2

             (2-33) 

22 2
2 2 2 2 dcL L

L 2
m

V2CZ ZL 1 C Z 1
L V

                (2-34) 

(
2

2 2 2 L
L

2 ZZ 1CC
L

)

2

dcL

m

VZL 1
V

               (2-35) 

2-1

c

1
c LC

            (2-36) 

(2-36)

2

1

c

L
C

             (2-37) 
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2

1

c

C
L

             (2-38) 

(2-37) (2-35) C (Lower Bound)

2
2 dc
c L

m

C
VZ 1
V

               (2-39) 

2-7

= 4

2

s
s

fT                (2-40) 

sf sT

1

max

( )dm t
dt

                                     (2-41) 

ABV
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AB LV V                                  (2-42) 

2-1 (2-16) ABV

1AB dcV mV             (2-43) 

(2-42) (2-43)

1L dcV mV           (2-44) 

1

max max

( ) ( )1 * L

dc

dm t dv t
dt V dt

          (2-45) 

(2-16) ( )Lv t

2

L

( ) cos sin
Z
m

L m
V Lv t t V LC t                       (2-46) 

(2-46) (2-45)

2 2 2

L

( ) ( ) 4
Z

m
s

dc

V L LC f
V

            (2-47) 

(2-46) C (upper bound)

2

2 2 2
L

(4 V )1 1
Z ( )

s dc

dc m

fC
V V

             (2-48) 
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(2-38) (2-48) L (lower bound)

L

2
2

2 2 2

Z

(4 V ) 1
( )
s dc

c
dc m

L
f
V V

            (2-49) 

(2-35) (2-39) (2-48) (2-49) L C

2

dcL L

2
m2

2 2 2

VZ ZL 1
V(4 V ) 1

( )
s dc

c
dc m

f
V V

                (2-50) 

2

2 2 22
L

2 dc
c L

m

(4 V )1 1
Z ( )VZ 1

V

s dc

dc m

fC
V V

             (2-51) 

(2-50) (2-51) ( f )

( mV ) ( dcV ) ( sf ) (R ) L C

MATLAB

L C L C L C

sf 100KHz

f 15Hz~500Hz

dcV 240V 480V

rmsV 0~150V 0~300V

oP 1KW
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L C 2-13 2-14

rmsV f L C

L C

low1L 480 , 15 ~ 500dcV V f Hz L Lower Bound 

low2L 240 , 15 ~ 500dcV V f Hz L Lower Bound 

low1C 480 , 15 ~ 500dcV V f Hz C Lower Bound 

low2C 240 , 15 ~ 500dcV V f Hz C Lower Bound 

up1L 480 , 15 ~ 500dcV V f Hz L Upper Bound 

up2L 240 , 15 ~ 500dcV V f Hz L Upper Bound 

up1C 480 , 15 ~ 500dcV V f Hz C Upper Bound 

up2C 240 , 15 ~ 500dcV V f Hz C Upper Bound 

2-13 L

low1L

low2L

up1L

up2L
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2-14 C

L C

260uH 8uF

MATLAB/SIMULINK

dcV 480V

L 260uH

C 8uF

f 15Hz 500Hz

sf 100KHz

2-15 2-18

2-18

up2C

up1C

low2C

low1C
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2-19 2-22

dcV 485V

L 230uH

C 8.4uF

2-19 2-22

2-22

15Hz

500Hz

2-23

2-15 100 , 15 , 30 ( )s of KHz f Hz v V rms

*,o ov v
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2-16 100 , 500 , 30 ( )s of KHz f Hz v V rms

2-17 rms100 , 15 ,V 300Vsf KHz f Hz

*,o ov v

*,o ov v
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2-18 100 , 500 , 300 ( )s of KHz f Hz v V rms

2-19 100 , 15 , 30 ( )s of KHz f Hz v V rms

ov
*
ov

ov *
ov
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2-20 100 , 500 , 30 ( )s of KHz f Hz v V rms

2-21 100 , 15 , 300 ( )s of KHz f Hz v V rms

*
ovov

ov *
ov
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2-22 100 , 500 , 300 ( )s of KHz f Hz v V rms

ov

*
ov
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2-23
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