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1 4 14

Cr1

r1
r1= +

L L 2M Z
sin=

+ +
+

( )0
ω KKK®3.34´

�O7���S1 �~	Y ZCS �����L�A��78��%�®3.31´��®3.32´�{

P�iL1�iL4:���&e678iL4Lô�`7�i�T'��o678vCr1:®3.33´�{P

v i V tCr1
r1

r1 Cr1 r1

1
C

dt = ( )= ∫ 0 cosω KKK®3.35´

�����9�L

¼ 3.10¯i�T#�����
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- vCr1�vCd1 KKK®3.36´

�ìí&�
6�i�T#�	�o678vO:

v
V i i V V

O
dc

4
L4

14
L1 dc 4 14 dc

1 4

L
d
dt

M
d
dt

L M

L L 2M
= − +





= −
+( )

+ +2 2 14

KKK®3.37´

�O78

�i�T#��

vCr1L®3.36´�&��67� Dd1L���`P�ir1:¼ 3.11�¾6�����

i i
v

tr1 r1
Cd1

r1L
= ( )−0 KKK®3.38´


¸	�ir1(0)¯vCr1L®3.36´�&��	
�f� ir1

�`78	
L§Y�ir1:���� 	�ILY���`789�W�vCr1: vCd1�ð	a�

S1���GHL!Ó��7·�����:�þ��78

¼ 3.11¯i�T#������

�i�T'�

iL4Lô�`7��¼ 3.12�¾6�����`78
����:

v v i
i i

Cd0 Cd1
r2

L4 1 14
L1

4 14
L41

C
dt L M

d
dt

L M
d
dt

+ = + +( ) + +( )∫ KKK®3.39´

iL1 = iO + iL4 KKK®3.40´

�`789��&ma��

i
V

tL4
dc

6Z
sin= ω6 KKK®3.41´

i i
V

tL O
dc

6Z
sin1 6= + ω KKK®3.42´
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¸	�Z
L L 2M

C6
1 4 14

r2

= + +
�ω6

1=
+ +( )C L L 2Mr2 1 4 14

�O78®3.41´��®3.42´�{P�vCr2X{Ì vO:

v i V t VCr2
r2

L4 dc Cd2

1
C

dt = ( - ) -= ∫ 1 6cosω KKK®3.43´

v
V

v V tO
dc

L1 dc
1 14

1 4 14

L M
L L 2M

= − = − +
+ +





2

1
2 6cosω KKK®3.44´

�`78vLf:

v v v vLf
1f 4f

1 4 14
Cd1 Cd0 Cr2

M M
L L 2M

= − +
+ +

+ −( ) KKK®3.45´

�O78vLfL®3.16´�&��67�i�T(	�o678

¼ 3.12¯i�T'�����

�i�T(�

®3.45´�L®3.16´�&��67�f�Df L���`78����&¼ 3.13 �¾689

��f�°±������LA�678

v v v v v v vCd0 Cd1 Cr2 L1 L4 Cr2
1f 4f

f
Cd+ = + +

M M
L

= − +
0 KKK®3.46´

	
L§Y�vCr2:

v v v VCr2 Cd1
1f 4f

f
Cd0 Cr2

M M
L

= + + +





= ( )1 0 KKK®3.47´

�¾����qý VCr2(0)�`7���

iL1 = iO KKK®3.48´
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iL4 = 0 KKK®3.49´

�O78if:

i i
v

tf
1f 4f

f
L4

Cd0

f

M M
L L

= + ( )−0 KKK®3.50´


¸	� iL4(0) ®̄3.16´�&��67�f�®3.41´��X¹7 iL4�ý

�	
L§Y� 678if L���`7�i�Tû��o678`X�vO�vS4 :�����

�78

v
V

vO
dc 1f

f
Cd0

M
L

= +
2

KKK®3.51´

v
V

vS4
dc 1f 4f

f
Cd0

M M
L

= + +3
2

KKK®3.52´

¼ 3.13¯i�T(�����

SS-VSI :i�Tû��i�T(&)P*	Y<h��78S1ÁS6 � ZCS�ZVS :��Í

��+�,GH&!Ó7¸¹�g<l��A��7
D�EFGH: PWM ]����?�

{a�+�,-./0�1�
D�J�!I�,�T3/ÊEF:MN�O78

iO ��fL-�.Ð� i�TûX{Ìi�T��: iL1 : S1 �,Ú�/-��i�T'X

{Ìi�T(�: iL4: S4 �ü.��T&��78SS-VSI �
�=>:��±-./0�1

=>�~	Y~0�ÄÅ��Y*7��ò<hi�T:=>�1Ó2&�~367=>�1

Ó2�4�5Ó��ê��f78
¸	�<hi�T:i�T"6i�T#6i�T'6i

�T(6i�Tû6i�T�6i�TÂ�7���678
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3.2.3 �������	�!"( )*+ ✷✾. /��	
0

1 2
345

.�3��I08/]`9�bc:;<&EF67�c^=>�X¹7-./0�1EF

���:?-./0�1ûåV�X¹7@Abc&����~367VW�uBý�@A�

�C��7D9��O786`E����2.�3���.Ð�O7-./0�1ûåVW

�X¹7bc���@Aý&���~367VW�uB���@Aý��C��78bc�

��@Aý:-./0�1=>���ÑW�ö�678��2.�3���bcuB��:

F��O7���uB��ûåV�~	Y�-./0�1=>���ÑW�^S�6`E�

.�3��bc��]Ë-G��:ôHæ:�^S67 PWMæ2�`78

SS-VSI�:�bcEF�
D� PWMGH:¼ 3.14�¾6IJæöKL&(*YhA	


8vs :GHæ�O7uB���vtr :MNæ�O7IJæ&¾68EF� m :���qO6

78

KKK®3.53´

¼ 3.14 ��vs���& m�vtr���& 1�vtr�åV& T �678vs& a ½��P���67

��vs>vtr��f� S1&���S4&���vs<vtr��f�: S1&���S4&���678b ½

X{Ì c½�~	YZÙ¦�EFGH&hA678

SS-VSI � S1ÁS6 � ZVS �����&QB�o�
D�:��� �!#�ÑW�Q�&

	`¹��`�`*89��{P�Rù]Ë-� Tmin �ESLØ�7.ÐLO78Tmin :�

��¨q��78

Tmin r1 r1L C= π KKK®3.54´

¼ 3.14 T�^r mL:�®a´� PWM ]���� ZVS �����&BC�f7 vs�Rï

�������{P¨q��78

m
T

TL
min= −1 KKK®3.55´

(a) m<mL�.Ð (b) m>mL�.Ð

¼ 3.14¯IJæöKL�{7 PWMGHhA
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¼ 3.14®a´�.Ð�m<mL�O78ZVS �
D� Tmin:Q���7
D�ZVS �����

&BC�f789��~	Y�¼ 3.14®b´�.Ð�m>mL �O78®a´�{�` PWM ]

����: vs�U~ýL mL&VÓ
Ñ£��vsLô�.Ð�: S4�â�.Ð�: S1�]Ë

-�L Tmin {Pàa`P�ZVS �����&BC�f`a`789�&m¨67
D� vs

L+mL {Pïf*�f:ñ��Æ-./0�1=>&��®a ½�.Ð: S1 &���S4 &�

� �́vs L-mL {Pù�*�f:ñ�±Æ-./0�1=>&��®a ½�.Ð: S1 &���

S4 &��´�6789����^_679��{P�m �WE�� S1ÁS6 � ZVS ����

�&BC	
8

3.2.4 6�7��89!:;<=
$>?@A

�X� PWM .�3��&B©��<67.Ð�:�É�Uàá&$Y
D��Æ-./

0�1=>&���	Y��±Æ-./0�1=>&���O7*:±Æ-./0�1=>

&���	Y�Æ-./0�1=>&���67�*�{����±-./0�1=>�Z

���67 /T�.U∆&s¹78∆�VW�:�âã����f�{§Ybc���î|

L¨q��78âã��L¼ 3.2 ��f���Y*7.Ð� /T�.U¿Z�-./0�

1:;L��±9��L���O§YZ /T�.UVW�bc��:-Vdc/2�-�.Ð:

+Vdc/2 Lbc��789�:�âã��LZ[�.Ð:±ÆÉ�U�ü.��T�%[�.

Ð:�ÆÉ�U�ü.��T&\§Y��7
D�O789��{P�bc��]^LØ��

Ý�bcåærLä*.Ð�:bc���ç?L_`�C�7��LO78

9����m¨67
D�}�T-./0�1�+�,-./0�1&�E��-./0

�1]���&^_67 /T�.U[\La��79�L�*8 /T�.U[\:�b

c��&�b	����f�{§Y¨q��7 /T�.UVW�]^��&½b67{�

��uB��æ2��·P¼ 3.14 �GHæ�]^��&cd��Y-./0�1]���

&^_67�LL�Xl�O78

���4567 SS-VSI �Z� /T�.UL�N�O78 /T�.UVW&s¹7�

.¤�1:i�Tû�i�T��WX{Ìi�T"�i�T#�W�O78SS-VSI �:�

�Ó��S1 ������%�âã��& Dd1-Cr1-L1 �����69��{P� /T�.U

VW�X*Y�ef�����¿Z���&bc�f7{��	
89��{P�-./0

�1]����^_g	� /T�.U[\&a69�&BC	
89�& /T�.Ug

<[\wx�hi9��678�j�:� /T�.UVW�X¹7bc��&����	�

 /T�.Ug<[\wx�yj&jkl���678

�i�Tûki�T�W� /T�.U�

¼ 3.15 � Mode1 �%�s¹7 /T�.U�X¹7����&¾68É�U±Æ�ü.

��T D4�:-3.É-�O7���\	`*89�Ñ������:

1
2

V v v v vdc Cd1 Cr1 L1 O− = + + KKK®3.56´
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�`78S1 ������¿%� vCr1 : vCd1 �ð	a�iO :�q�O7���vCr1�vL1�vO :

��Í�

v i
i

t vCr1
r1

L1
O

r1
Cd1C

dt
C

= = −∫1
KKK®3.57´

vL1=0 KKK®3.58´

v V
i

tO dc
O

r1C
= −1

2
KKK®3.59´

�� /T�.UVWT�bc��:®3.59´�����78 /T�.UVW:rlsec

�ú�O78Ý�bc��æ2�ç?L_`�C�7äåærbcmn�:�m &ù�a6

7
D�iOLù�*89���{P� (3.59)��op��j�{7���� Zù�a`78

�·P�SS-VSI �: /T�.UVW�X*YZ S1 ������¿Z����efð	*

��&bc�f78	
L§Y�-./0�1]����^_g	� /T�.U[\&B

C	
8 /T�.UVWT� S1��� vS1:������78

v
i

tS1
O

r1C
= KKK®3.60´

¼ 3.15¯i�Tûki�T�W� /T�.UVW�X¹7����

�i�T"ki�T#W� /T�.U�

âã��L¼ 3.15 �Ù��f���7.Ð�����:i�T"�Ù��O78	
L

§Y�  /T�.UVWT� vO X{Ì vS1 :��Í�®3.25´��®3.26´�����78

9� /T�.UVWT�Z®3.25´��¾��7 S4 ������¿Z���&bc678

9��{P� /T�.U[\�
D�-./0�1]����^_:MN�O79�:�

���O78
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3.2.5 B�C	6	D
��E!
FGHIJKLMN��O

P
$>?@A

SS-VSI :�À�¿��� Vdc &Âq����� �! Cd0�Cd1�Cd2 �{P��	Y*7


D�rÑâã���ïf��{§Y Cd0�Cd1�Cd2 ��� vCd0�vCd1�vCd2 L^<678�

j�:����� �!���^<L+�,-./0�1<h	!Ó7stX{Ì9�&�

u	
bc��]^��*Yjkl�v&o*����� �!���^<L+�,-./

0�1<hIbc���e�w9st	`*9�&����678

QRSB�C	6	D
��E!T�������	�!"UVWXFG

S1�S2�S3 � ZVS �����&�A67�:�®3.10´�X{Ì®3.36´��¾6{��

vCr1 �ïf�L Cd1 ��� vCd1 �ð	¹��{*8Ù¦��S4�S5�S6 � ZVS �����<

h�~	Y:®3.14´�X{Ì®3.27´��¾6{�� vCr2�ïf�& Cd2 ��� vCd2�ð	

a6��{*8	
L§Y�VCr1(0)X{Ì VCr2(0)L°±�ìí&��6���vCd0�vCd1�vCd2

���^<LØ�YZ ZVS�����&�A�f78

VCr1(0)�vCd1 KKK®3.61´
VCr2(0)�vCd2 KKK®3.62´

®3.61´��®3.62´�L�A��`*.Ð������Ñ�}�T-./0�1�`7

L�PWM.�3���	Y�<h:éx�O78

Cd0��� vCd0:®3.19´��®3.47´��¾6{�� Cr1X{Ì Cr2�"#�&$Y
D�

ÊÚ�Û
���P���O78	
L§Y�vCd0 �^<:®3.24´��¾6{��-./

0�1=>L���Ñ���^<�	YC�7L�
�<h�:st	`*8

QYSB�C	6	D
��E!HIJKLMN��OP
IZ

®3.23´��®3.51´��¾6{���û]Ë-�X¹7bc��xyË®rÑý´:i

�TÂX{Ìi�T(����� �!���^<�st&;¹7899�:�zõÈÉû

åVW�X¹7 vCd0�vCd1�vCd2�^<X{Ìbc���]^��*Y{÷78

Cd0�Cd1�Cd2:��|<Lð	a�����}~�<hi�T�X¹7�V�� vCd0n�vCd1n�

vCd2n:°±��&��678

vCd1n + vCd0n +vCd2n = Vdc KKK®3.63´

¸	�n¯<hi�T��H®n=1, 2,KKK, 7´

vCd0n�vCd1n�vCd2n�~	�^<�&��Í�∆vCd0n�∆vCd1n�∆vCd2n�67��

(vCd1n+∆vCd1n)+(vCd0n+∆vCd0n)+(vCd2n+∆vCd2n)=Vdc KKK®3.64´

�O7���°±��LAP��8

∆vCd1n +∆vCd0n +∆vCd2n = 0 KKK®3.65´

∆vCd0n�∆vCd1n�∆vCd2n :�Cd0�Cd1�Cd2 ������6���D79�L�f78`X�



- 47 -

âã����f:¼ 3.2 �Ù¦�	� /T�.U�`*j�l` PWM EF®°±�j�

PWM´�{7bc�� vOcn®n :~367 SS-VSI �i�T�H´�~67 SS-VSI �bc�

�]^∆vOpn&�}~�<hi�T�~	Y���¾6ÑW���qO678

∆v v vOpn Ocn Opn dt= −( )∫ KKK®3.66´


¸	� vOpn¯SS-VSI�bc��

�i�Tû�

��: iL1 �?�OP���:âã�� iO �ð	*8	
L§Y�Cd0�Cd1�Cd2 �~	Y

�4Z	a:�b67��:��`���∆vCd01�∆vCd11�∆vCd21:

∆vCd01 = ∆vCd11 =∆vCd21 = 0 KKK®3.67´

�O78bc�� vOp1:®3.2´�{P

v v
V

Op1 Oc1
dc= =
2

KKK®3.68´

����7���bc��]^∆vOcp1:���`78

∆vOcp1 = 0 KKK®3.69´

�i�T��

 iL1�{§Y vCd0L� 	� ir2 �{§Y vCd2L&e6789������^S��Z`§

Y�vCd1Z^<678	
L§Y�∆vCd02�∆vCd12�∆vCd22:

∆v i v VCd02
d0

L1
r1

d0
Cd12 Cr1C

dt
C
C

= = − + ( ){ }∫1
0 KKK®3.70´

∆ ∆ ∆v v vCd12 Cd02 Cd22= − −

= + ( ){ } + − + ( ) −( )C
C

C
C

r1

d0
Cd12 Cr1 Cd22 Cd22

r2

d2
Cr2 Cd22v V v v V v0 02 2 2

KKK®3.71´

∆v i v V v vCd22
d2

r2 Cd22
r2

d2
Cr2 Cd22 Cd22

1
C

dt
C
C

= = + ( ) −( ) −∫ 2 2 20 KKK®3.72´

�O78j� PWM�{7bc�� vOc2:

v
V

Oc2
dc= −
2

KKK®3.73´

�O78SS-VSI �bc�� vOp2 :®3.12´��¾��7���bc��]^∆vOcp2 :���

¾��78

∆v
V

i v iOcp2 4 14
dc

O
r1

f
Cd02 4 14 OL M

Z

C
L

L M= − +( ) + − + +( )
2

2
2

2 2
KKK®3.74´
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�i�TÂ�

if�{§Y vCd0L&e	�vCd2L� 678∆vCd03�∆vCd13�∆vCd23:

∆v i v V i vCd03
d0

f
f d0

Cd03
r1

d0
dc O Cd03

1
C

dt
L C

C
C

Z -= = −






+ +( )∫ 1

1

2
2

2 2
2

2 2

ω
KKK®3.75´

∆vCd13 = 0 KKK®3.76´

∆ ∆v v v V i vCd23 Cd03
f d0

Cd03
r1

d0
dc O Cd03= -  

L C

C
C

Z= − −






+ +( ) +1

1

2
2

2 2
2

2 2

ω
KKK®3.77´

�O78j� PWM�{7bc�� vOc3:

v
V

Oc3
dc= −
2

KKK®3.78´

�¾��78SS-VSI �bc�� vOp3 :�9�i�T�VW& t3 �67�®3.23´��¾��

7���bc��]^∆vOcp3:

∆v v tOcp3
4f

f
Cd0

M
L

= 3 KKK®3.79´

�O78

�i�T"�

��: iL4 �?�O78	
L§Y�Cd0�Cd1�Cd2 ��4�Z	a:�b67��:��

`���∆vCd04�∆vCd14�∆vCd24:

∆vCd04 = ∆vCd14 =∆vCd24 = 0 KKK®3.80´

�O78bc��:®3.25´�{P

v v
V

Oc4 Op4
dc= = −
2

KKK®3.81´

�O7���bc��]^∆vOcp4:���¾��78

∆vOcp4 = 0 KKK®3.82´

�i�T#�

i�T#��X¹7 ir1�{§Y vCd1L&e	�vCd0:� 678	
L§Y�∆vCd05�∆vCd15�

∆vCd25:

∆ ∆v v v V v vCd05 Cd15 Cd15
r1

d1
Cr1 Cd15 Cd15= -

C
C

= − + ( ) −( ) +2 2 20 KKK®3.83´

∆v i v V v vCd15
d1

r1 Cd15
r1

d1
Cr1 Cd15 Cd15C

dt
C
C

= = + ( ) −( ) −∫1
02 2 2

KKK®3.84´

∆vCd25 = 0 KKK®3.85´

�O78·
�j� PWM�{7bc�� vOc5:
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v
V

Oc5
dc=
2

KKK®3.86´

�O78SS-VSI �bc�� vOp5 :®3.37´��¾��7���bc��]^∆vOcp5 :9�i

�T�VW& t5�67�������78

∆v
V

tOp5
4 14 dc

1 4 14

L M

L L 2M
=

+( )
+ + 5 KKK®3.87´

�i�T'�

iL4�{§Y vCd2L&e	�����Z`§Y�vCd1L� 678∆vCd06�∆vCd16�∆vCd26:

∆vCd06 = 0 KKK®3.88´

∆ ∆v v v VCd16 Cd26
r2

d2
Cd26 Cr2= -

C
C

= − + ( ){ }0 KKK®3.89´

∆v i v VCd26
d2

L4
r2

d2
Cd26 Cr2C

dt
C
C

= = + ( ){ }∫1
0 KKK®3.90´

�O78j� PWM�{7bc�� vOc6:

v
V

Oc6
dc=
2

KKK®3.91´

�OP�SS-VSI �bc�� vOp6 :®3.44´��¾��7���bc��]^∆vOcp6 :���

¾��78

∆v V vOcp6 r2 1 dc
1

f
Cd06C L

L

L
= −2

6
2

2

ω
KKK®3.92´

�i�T(�

i�TÂ�Ù¦� if�{§Y vCd0L&e	�vCd2L� 678	
L§Y�∆vCd07�∆vCd17�

∆vCd27:

∆v i v V vCd07
d0

f
f d0

Cd07
r2

d0
dc Cd07

1
C

dt
L C

C
C

= = −






+ −∫ 1

1

6
2

2 2

ω
KKK®3.93´

∆vCd1= 0 KKK®3.94´

∆ ∆v v v V vCd27 Cd07
f d0

Cd07
r2

d0
dc Cd07= -

L C

C
C

= − −






+ +1

1

6
2

2 2

ω
KKK®3.95´

�`78���j� PWM�{7bc�� vOc7:

v
V

Oc7
dc=
2

KKK®3.96´

�OP�SS-VSI �bc�� vOp7 :�9�i�T�VW& t7 �67�®3.51´��¾��7�

��bc��]^∆vOcp3:
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∆v v tOp7
1f

f
Cd0

M
L

= − 7 KKK®3.97´

�O78

®3.67´�Á®3.97´��	
L§Yâã�� iO �~67 Cd0�Cd1�Cd2 ����Ý|&¼

3.16�¾68��: vCd0�£�: vCd1���: vCd2�O78¿��À�� Vdc: 283V�	
8

iO�U~ýLïfa`7e9 vCd0:��	�vCd1X{Ì vCd2:ù�a`789�:�®3.22´

�X{Ì®3.50´��¾6 iL1(0)X{Ì iL4(0)L iO �ïf��efö�67�������Z

`§Y if Z^S67
D�O789�9�:®3.75´��®3.94´��{§YZ¾��Y*

789����: vCd0 �Wr�`§Y*7L���:6`E� if �Wr�O78vCd0 L��

67�®3.19´�X{Ì®3.47´��¾6{�� VCr1(0)X{Ì VCr2(0)L��67���®3.17´

�X{Ì®3.38´��¾6 ir1(0)X{Ì ir2(0)L&e678	
L§Y�if �{7 vCd0 �&e�

� ir1 �{7 vCd1 �&e�X{Ì ir2 �{7 vCd2 �&e�L�PÐ§
�9���q�ý�`

78iO �ïf�Lù�*.Ð:-�`P�if �{7 vCd0 �&e�L�ir1 �{7 vCd1 �&e�

X{Ì ir2�{7 vCd2�&e�{Pù�*
D�vCd0:±�	�vCd1X{Ì vCd2:��678vCd0

L±�67� VCr1(0)X{Ì VCr2(0)Z±�67���ir1(0)X{Ì ir2(0)Z� 6789����

^S�{P vCd0 �&e�� vCd1 �&e�X{Ì vCd2 �&e�L�PÐ§
�9���q�ý

�`78

¼ 3.16¯âã��kvCd0�vCd1�vCd2Ý|

âã�� iO �~67IJæzõÈÉûåV�X¹7bc���]^&�¤�x��8��

{P�D�®3.66´��IJæzõÈÉûåV�~67@A�{P��	
Ý|&¼ 3.17 �

¾68��: vCd0�vCd1�vCd2 �^<&�u	
j� PWM �~67bc��]^���:�

vCd0�vCd1�vCd2L Vdc&Að�Â�Ã	�9���^<&�u	`*.Ð�j� PWM �~6

7bc��]^�£�:�����j� PWM �~67bc��]^&¾68*���.Ð

Z /T�.U�& 3µsec�¿��À�� Vdc& 283V�IJæzõÈÉ�åær& 10kHz �

	��ÆÉ�U�-./0�1=>��±ÆÉ�U�-./0�1=>��P5Ó7.Ð�

�*Y�b	
8
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¼ 3.17¯âã��kbc��]^Ý|

¼ 3.16�¾6{���iO�{§Y: vCd0L vCd1X{Ì vCd2�Â�°��`7.ÐLO7L�

¼ 3.17{P�9�����^<:bc���:e�w9st	`*9�LE�78

3.2.6 [\]^(�_`��/ab��
��c

¼ 3.3 �¾6 S1 ��� vS1 �Rïý vS1peak :i�TÂ�C�,®3.24´�{P������

�78

v V vS1peak dc
1f 4f

f
Cd0

M M
L

= + +
KKK®3.98´

S1&��7�� iS1:i�T'�Rïý iS1peak�`78®3.42´�{P

i i i
V

tS1 L1 O
dc

6

=
Z

sin= + ω6 KKK®3.99´

��iS1peak:������78

i i
V

S1peak O
dc

Z
= +

6

KKK®3.100´

®3.98´��®3.100´��-./0�1=>�q���K��|<��ò
�=>ý&¨q

�f78����	Y�Vd=283[V]�iO=20[A]�L1=L4�Lr1=Lr2�Cr1=Cr2�vCd1=vCd0=vCd2=Vdc/3

�	�-./0�1=>�Ý|{P

iS1peak�25[A] KKK®3.101´
vS1peak�400[V] KKK®3.102´

�ìíL!Ó��
�678®3.98´��®3.102´�{P

L
L

L
L

1

f

4

f

= ≤ 0 386. KKK®3.103´

Lß���®3.100´��®3.101´�{P
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C
L

r1

1

≤ × −1 25 10 3. KKK®3.104´

Lß��7899��Cr1�Cr2&°±�{��sq678

Cr1 = Cr2 = 0.05�µF� KKK®3.105´

L1�L4�Lf:®3.103´�Á®3.105´�{P°±�ýL�D��78

L1 = L4 =40�µH� KKK®3.106´
Lf =103.6�µH� KKK®3.107´

9��f�VCr1(0)�VCr2(0):®3.19´��®3.47´�{P

VCr1(0) = VCr2(0)=305.7 [V] KKK®3.108´

�O78ir1X{Ì ir2�Rïý& 5�A��67�®3.8´��®3.33´�{P

Lr1 = Lr2 =187�µH� KKK®3.109´

Lß��789�.Ð�®3.54´��¾	
Rù]Ë-� Tmin: 9.6�µsec��`78

99��Dr1�Dd1�Df �ò-./0�1=>���7Rï��X{ÌRïde����*

Y��678Dr1�Rï�� iDr1max:i�T 5 ���7�����Rïý��C678	
L

§Y�®3.33´��®3.108´�{P

iDr1max=6.7 [A] KKK®3.110´

�O78Dr1�Rï�� vDr1max:i�T 6�C��

vDr1max= -94.3 [V] KKK®3.111´

�O78Dd1�Rï�� iDd1max:i�T 2�X¹7®3.6´��Rïý�ð	*��

iDd1max=20.6 [A] KKK®3.112´

�`78Dd1�Rï�� vDd1max:i�T 3�C��®3.108´�{P

vDr1max= -(305.7 - 188.6) = -117.1 [V] KKK®3.113´

�O78Df �Rï�� iDfmax :i�T 3 �X¹7®3.38´��op�ûj����78®3.6´

��®3.22´�{P

iDfmax=12.7[A] KKK®3.114´

�O78Df�Rï�� vDfmax: Df��\�Ñ�C��

vDfmax= -94.3 [V] KKK®3.115´

�O78Dr1�Dd1�Df �Rïde��:*��Z®3.102´���	
Ç-./0�1=>�

��ìí�~	�1/4�ú�Dr1�Rï��:®3.101´��¾	
��ìí�~	�1/4�ú�

Df �~	Y:���ú�Dd1 �~	Y:Ù�ú�O78É�U±Æ�ü.��T Dr2�Dd2 �

�*YZ8��Í� Dr1�Dd1�Ù�Rïý�O78
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3.3 d�7����	��	
�� 
&efg

���:�BzX{Ì�¤�x��8��{P�4567 SS-VSI � HS-VSI �bcæ2X

{Ì���öK� /T�.Ug<[\wx������&o�8

3.3.1 hi����
jk

¼ 3.18 � SS-VSI �Bz�-�U&¾68Ç-./0�1=> S1ÁS6 �:- Gü.��

T¡¢�£¤¥ IGBT i/��Ë MG50Q2YS9®q��� 1200V�q��� 50A �́��
�

�ü.��T�:I¦�w¥Éª�T�\ü.��Ti/��Ë RM50CIA24F X{ÌI¦

�w¥§+�T�\ü.��Ti/��Ë RM50CA24F®*��Zq��� 1200V�q��

� 50A´&¢(	
8��¨�
�qr:� 3.1 �¾68PWM GH: DSP®TMS320C31�

40MHz´&(*YIJæöKL�{PhA	
8+�,TÚ.3:�©,§ÛÚ¡¢+�,

TÚ.3 IC®M57957L�I¦�w¥´&¢(	�Ç
��EF
��&Uª	
8âã:

I½�«2
��<w®0.75kW´&¬­®¯°®¿��<w®§/Ûi��¯±²�w¥�

0.75kW´�§/ÛÈ�1	
Z�&¢(	�âã�³´:¿��<w�ÄÅ	
é^µ¶ R

�ý&³´679��o§
8¿��À:�I½ 200V ��
���³´>&·	Y¸¹�

w¥I½ü.��TºÈ//´�> 6RI50E-80®q��� 800V�q��� 50A´X{Ì@»

�� �! Cdc�{P´�	
Z�&¢(	
8

¼ 3.19 ��öK~¼�	Y�}�T-./0�1I½��2 PWM .�3��®Hard-

Switched Voltage Source Inverter¯°±�HS-VSI �²³´�Bz�-�U@A&¾68-½3

: RCD �.Û�Ç-./0�1=>: SS-VSI �Ù�Z�&¢(	
8-½3qr&� 3.1

�¾68EF�-�U: SS-VSI�ºaÙ��O78

¼ 3.18¯SS-VSI�Bz�-�U@A
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� 3.1¯
�qr

�\ SS-VSI HS-VSI

¿��� Vdc 283 [V] Cr1, Cr2 0.047 [µF] -½3µ¶ 10[Ω]

zõÈÉåær 10 [kHz] Lr1, Lr2 104 [µH] -½3�� �! 0.022[µF]

Cdc 1800[µF] Lf 27[µH] -½3ü.��T 6JG11

Cd0, Cd1, Cd2 1000[µF] n1/nf 0.79

 /T�.U� 3[µsec] L1ÁL6 17[µH]

¼ 3.19¯}�T-./0�1��2 PWM.�3���Bz
�@A

3.3.2 ����	�&e MN&e

¼ 3.20 � SS-VSI � S1��� iS1X{Ì�� vS1�æ2&¾68ZCS ������ ZVS �

����&�A	Y*78vS1 �¾�Êý vS1peak :�À��� 1.5 ��ú·���	Y*78

9�:�®3.9´�X{Ì� 3.1 �
�qr{P����� �! Cr1 ��� vCr1 L�À��

� 1.5 ��ú·���679��¿À678¼ 3.21 � S1 �-./0�1Ñ�X¹7��K

��ÁÂ&¾68®a´L������®b´L������O78

¼ 3.22®a´� SS-VSI �X¹7bc�W��X{Ì a ½���æ2�®b´� HS-VSI �X

¹7bc�W��X{Ì a ½���æ2&¾68*��Zbcåær& 60Hz�EF� m &

0.75 �	�-./0�1]����^_�{7 /T�.U[\:o§Y*`*8SS-VSI

:�bc��� PWM EF�{P�bc��LôHæ�`7{��EF��YXP�®b´

�¾6 HS-VSI�Ù¦���æ2Lß��Y*78
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¼ 3.20¯-./0�1æ2

®a´����� ®b´�����

¼ 3.21¯SS-VSI� S1�X¹7-./0�1ÁÂ

®a´SS-VSI ®b´HS-VSI

¼ 3.22¯bcæ2
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¼ 3.23®a´�bc�c&^S��
.Ð� SS-VSI �ò=>&��7@A��Ý|�®b´

� HS-VSI �ò=>&��7@A��Ý|&¾68bc�c:¿��<w�ÄÅ	
é^µ

¶�ý&^S��Y³´	
8®a´�X*Y�âã��L��7 L1�L4 X{ÌÇ-./0

�1=>���:bc�c�&ï��Z`§Y&e67L���°»���
��ÄÅ��


 Lr1�Dr1�Dd1�Lf ���7��:�bc�c�WE��ef�qý�`789�:���


��<hLâã���ÃÄ	`*9�&¾	Y*78SS-VSI �X¹7Ç-./0�1=

>���L®b´�¾6 HS-VSI ���{Pïf*�:�Ç-./0�1=>������Ñ

��À��âã	ÅÆ��7���¨��Cr1�Lr1�{7����Lcd��7
D�O78

®a´SS-VSI

®b´HS-VSI

¼ 3.23¯bc�c�~67ò=>�@A��Ý|
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3.3.3 6�7��89!:;<=
@A

¼ 3.24 �bcåær 2[Hz]��f�bc��æ2&¾68*��Z�EF� m & 0.15� 

/T�.U∆& 3µsec �	
8®a´: HS-VSI �bc��æ2�®b´: SS-VSI �bc��

æ2�O789��Z-./0�1]����^_�{7 /T�.U[\:o§Y*`*8

Ç[&öK67��HS-VSI �:��æ2Lïfaç?�bc�����Zù�a`7��

~	�SS-VSI�:ÈÉ`ôHæ�EF��Y*79�LE�78

¼ 3.25 ��¤�x��8��{7EF� m �~67bc���Ý|&¾68bc��:

�W�����æA��O78£�: HS-VSI �∆=3[µsec]��Ê�:j� PWM �∆=0��

Ë�: SS-VSI�∆=3[µsec]�	
Ñ�Ý|&¾68m<0.3�sq	
.Ð�SS-VSI�bc�

®a´SS-VSI ®b´HS-VSI

¼ 3.24¯äÌÑbcæ2®f = 2 [Hz], m = 0.15, ∆ = 3 [µsec]´

¼ 3.25¯EF�kbc��Ý|
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�:j� PWM �.Ð�efÙ��`78.�3���bcåær&äa67.Ð�m &ù

�*ý�sq67
D�Ç-./0�1=>���ÑW�~67 /T�.UVW�ÃÐL

ïfa`789�
D� HS-VSI �:�¼ 3.24 �¾	
{���bc���ïf`ç?LØ

�7L�SS-VSI �: 3.2.4 �{÷
 /T�.Ug<[\wx�{P�bc���ç?:e

�w9Ø�`*80.3≤m<0.85 �ÍÎ�sq67��SS-VSI �bc��:j� PWM {Pù

�a`789�ÍÎ�:�bc�� iO Lïfa`P�(3.59)��op��j�{§Ybc�

�L� 67
D�O78	�	�HS-VSI {Pïf*bc��&ß79�L�f�bc�

�� /T�.Uç?&èE679�L�f78m≤0.85 �sq	
.Ð�SS-VSI �bc�

�:j� PWM �efÙð�bc��Lß��789� m �ÍÎ�:�¼ 3.14(b)�-./

0�1]���&'(	Y*789�
D�-./0�1
rL `a� /T�.U�Ï

4
rL `*89��{P� /T�.UÏ4�{7bc��ä±�stLù�a`78

¼ 3.26 ��¤�x��8��{7 m �~67bc���ç?��Ý|&¾68ç?�:

°±��&(*Y�b	
8

KKK®3.116´

m<0.85�¼ 3.14®a´�EFL�m>0.85�¼ 3.14®b´�EFL&(*Y*7
D�m>0.85

�:ç?�:ïfa`§Y*7L�m<0.85 �X¹7ç?�:j�l` PWM EF&o§
.

Ð�ç?��Ùð�OP�ÈÉ`ôHæbcLß��79�&¾	Y*78

¼ 3.26¯EF�kç?�Ý|
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3.3.4 lmno

¼ 3.27 ��Bz�{7 HS-VSI � SS-VSI �bc�c�~67��&¾68*��Zbc

�cL&ï67������L��678SS-VSI �Rï��: 90.5%�O78HS-VSI �~

	�ÐâãÑ�: 9.2pt�câãÑ�: 0.7pt�����&BC	
8

¼ 3.27¯bc�c�~67���öK

¼ 3.28 � SS-VSI �ò=>�ÑÒ&¾68®a´:bc�c�~67ÑÒ�ý�O78È

ÉÊ,Ë L1�L4�Lf :ÓÑ&�u67
D�9��&�Ô	Y ��Õj	
8Ç-./0

�1=>X{Ì L1�L4�Lf �ÑÒ:�bc�c�&e��Z`§Y&ÓY*7L���
�

�=>ÑÒ:e�w9^E�`*8

®b´:bc�c�~67òÑÒ�4c�c�ö&¾68��
��X¹7ÑÒ:®a´�

¾	
\P�bc�c�~	ef�q�O7���bc�c�&e��Z`§Y�4c�c

�~67ÑÒ�ö:ù�a`78Ç-./0�1=>�ÑÒX{Ì L1�L4�Lf �ÑÒ:®a´

�:&e	Y*7L�4c�c�&e�ÃÐ�ö÷�ÑÒ�&e�ÃÐL `*89�
D�

bc�c�~	�4c�c�~67ÑÒ�ö:ù�a`789��{P�bc�c�&e�

�Z`§Y���L��679�:����O78

99��âãc����X{ÌÑÒ�WÖ��*Y�v678SS-VSI �ÑÒ:�ïfa

�¹Y���
��ÑÒ�Ç-./0�1=>�ÑÒ�O78��
��ÑÒ:�¼ 3.27

�¾	
{���âã�WE��ef�q�O789��~	�Ç-./0�1=>�6`

E��\Ñ:�-./0�1=>&��7���ïf��ÃÄ678����L���ïf

��WE���qý von�ò½�âã�� ia�ib�ic&

i I ta sin= 2 ω KKK®3.117´

i I tb sin= −





2
2
3

ω π KKK®3.118´



- 60 -

®a´ò=>�ÑÒ

®b´4c�c�~67ò=>ÑÒ�ÃÐ

¼ 3.28¯SS-VSI�ÑÒ¡×

i I tc sin= −





2
4
3

ω π KKK®3.119´

�O7�67��Ç-./0�1=>�X¹7�\Ñ�bcåV T�~67@A Pon:

P
T

i i i v dt Iv
T

on a b c on on= + +( ) =∫1
2 4 2

0

KKK®3.120´

�ØÙ�f78®3.120´�{P��\Ñ:âã���ïf��ÃÄ678�·P�SS-VSI

�ÑÒ:âã���ïf��ÃÄ	�âãc��ÃÄ	`*8¼ 3.29 �bc���~67

��X{ÌÑÒÝ|&¾68
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®a´��

®b´ÑÒ�¡×

¼ 3.29¯SS-VSI�bc���~67��X{ÌÑÒ

3.3.5 pqrs0&e

¼ 3.30 :gâãÑ�X¹7 HS-VSI � SS-VSI �Ç-./0�1=>���X{Ì���

Ú³æmnÏ��O78

®a´�Ç-./0�1=> S1 ��� vS1 �mnÏ�&¾6810Á25MHz ÛØ�Ú³æè

E��LÜ��789�:�HS-VSI �X¹7 S1 ���:�2æ�O7��~	�SS-VSI �

X¹7 S1 ���:�ZVS �����%�i�T�X{Ìi�T���X*YôHæ:��

�	�dv/dt&èE	Y*79��{7��Ó��78
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®b´� S1 ����mnÏ�&¾68��:ºåærmn�Ú³æèE��LÜ��78

9�:�SS-VSI �X¹7 S1 ���L�ZCS �����%�i�T#�X*YôHæ:��

�	�di/dt&èE	Y*79��{78

Ë�ÛÉ��½&(*YÝÞª.ß�àqZo§
8¼ 3.31 �àq
�&¾68Ë�Û

É��½: ESCO á¥�Z�&¢(	
8¼ 3.31 �¾6{���.�3���� 1m �âã

&X*YË�ÛÉ��½&sä	
8àqÑ�:.�3���Æå]ÖË&mÝ	
8

gâãÑ�X¹7àqÏ�&¼ 3.32 �¾6815Á20MHz ÛØ� SS-VSI �e�LÝÞª.

ß&èE	
Ï�Lß��
8

®a´��

®b´��

¼ 3.30¯Ç-./0�1=>�X¹7Ú³æöK
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¼ 3.31¯ÝÞª.ßàq
�

¼ 3.32¯ÝÞª.ßöK

3.4 t u

���:���������	
��
��������������
�������

����
������ �!"#�$%
�&'(	
)	*+�,-./0�1��2

.�3��&45	
89�.�3�����
�:�;<=>�?��@A&BC	



D���
��EFGHLMN�+�,-./0�1&BC67
D���J�!���J

�!LMN�OP�EF�QRS&BC	
8 /T�.UVW�X*YZbc��& /

T�.U[\�
D� PWM]����^_&679�`a� /T�.U[\&BC	
8

���:�4567+�,-./0�1��2.�3���
�<hi�T�jklmn

&o§
89���p*Y�°±�£��*Y����	
8

K /T�.Ug<[\wx���yj

 /T�.UVWT�bc���î|:âã����f�{§Y¨q��789��{P�

]^��LØ��Ý�bcåærLä*Ñ�:bc��Lçæ8���.�3���:�9

�~ç�	Y]^��&½b67{�� PWM ]���&^_67 /T�.U[\La�

�Y*
8���4567+�,-./0�1��2.�3��:� /T�.UVW�X

*YZ�-./0�1<h¿Z�efð	*��&bc�f7
D�-./0�1]���
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�^_g	� /T�.U[\&BC67

K���� �!���^<L+�,-./0�1<hIbc�!Ó7st

¿�È�Ê��&Â������ �!���	

D�rÑâã���ïf��{§Y

:���� �!���L^<678	�	�9�����^<L+�,-./0�1<h

Ibc���st&èf�`*8

jkmn��p*Y�
�qr�stuvZ����	
8

Bz�{P�+�,-./0�1<h&BC�f
9��bcæ2:}�T-./0�1

.�3���Ùð�Z�Lß��
9�&¾	
8 /T�.Ug<[\wx��*Y�b

cåær�ä*.Ð�X*Y���}�T-./0�1 PWM .�3���45
��bc

���öK&o§
8 /T�.U�:Ç[�Z 3 µsec �sq	�PWM ]����^_g

	�bcåær 2Hz ��<	
845
��bc��: /T�.Uç?Z`a�ÈÉ`ô

Hæ2Lß��79�&����	
8

}�T-./0�1.�3������öKZo§
845
�:câãÆ�Rï��

90.5%&�A	�}�T-./0�1.�3���ö÷câãÆ� 0.7pt�ÐâãÆ� 9.2pt

�����&BC	
8

45
��Ç-./0�1=>���X{Ì���Ú³æmnX{ÌÝÞª.ß&àq	�

}�T-./0�1.�3����öK&o§
8Ç-./0�1=>���X{Ì��:

}�T-./0�1.�3��{PÈÉ`Ï�Lß���+�,-./0�1��4�{7

Ú³æèELBC�f
9�&����	
8
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vIwx
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