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ABSTRACT

Digital control is one of the most important direction of power electronics.
Compared with analogical control, digital control has a lot of advantages, For
example, it eliminates common problems in analogicial devices such as parameter
diversity, temperature drift and etc. Digital control is commonly achieved by software,
which is easy to be transplanted or second empolded.Meanwhile, it is also very easy
to adopt some advanced control arithmetic in digital system in addition to traditional
digital PID control, such as some nonlinear control arithmetic, and then the entire
performance of digital system can be improved greatly.

The dual buck inverter (DBI), which is a simple and reliable inverter topology, is
choosed as the research object in this paper. The principle of the two level hysteresis
current control dual buck inverter is analysed. The dynamic and ouput performance of
the inverter system is also analysed by simulation with Saber software, and the main
reasons is enduced. As the calculate speed of the DSP core is consided, digitally and
analogically hybrid control scheme is adopted in this paper. Digital PI control is
adopted in voltage loop, which has good stable performance; analogical hysteresis
current control is adopted in current loop, which has good dynamic performance. A
2kVA experiment protopype is designed and the experiment has been carried out.
Experimental results verifies that the digital control scheme obtain the same
performance as the analogical double closed-loop control. Due to the flexible
characteristic of digital control, the output frequency of this system can change along
the range of 360~800Hz and good performance are always gotten.

The integrate megnatics on the two independent output filter inductors in dual
buck inverter is researched in this paper. The result of the direct coupling can’t make
the non biased half cycle mode (NBHCM) come true is concluded, but the non biased
half cycle mode is realized by indirect coupling. So the magnetic device volume and
weight in the output filter is reduced, and the efficiency of the system has been

improved.

ii



Key Words Digital PID control Dual buck Inerter Hysteresis current control

Wide variable frequency Integrated magnetics

Coupled inductor.

il



L e 2

L 3 e 3
LADBI e 8
1.5 Buck e 8
2 e 12
2 e e e e 12
23 Buck e 13
24 DBI e, 13
2 S e 14
2.6 DBI 14
2T e 16
2 e e 18
29 HCDBIL e e 19
20 HCDBI e 19
B e e s 25
32 e 25
3 3 s 25
B s 25
3 S e 26
3.6 e 27
3 e s 27
3 e 29
3 s 30
A L e 36
B e e et et 37
3 e 42
A e 43

vii



Buck

viii

4.5
4.6 D/A
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13

DBI e 59



2.1 NBHCM

ix






1.1

SI static inverter
1
2
3
[1]
AS[——
Aeronautical static inverter
28V 270V / 115V/400Hz
70

ASI



Buck

[2-5]
1.1
400Hz 50Hz
S
1.1
UPS
>5%
LC 2%
Boost
DC/D |
T_| DC/DC s o
Y ; A
L ¢=0 | Tl
=
T §| T g,
1
i |
| e §|%T
Drive LT
circuit DC/AC
1.2
1.2
N /N N N
/N
2N=+1



AI-1000
1.3 DC/DC

DC/AC DC/DC DC/AC

DC HFAC DC LFAC y

1.3

DC/DC DC/AC

1.2

PWM



Buck

1.2.1

1.2.2

9]

(8]



1.3

1.3.1 PID

PID

PID

PID

PID

1.3.2

[10,11]

PID

DSP
PID
PID
PID

PID

PI

Kalman 1959 80
90



Buck

[12-14]

[15]
[16]
[17][18]
1.3.3
vsc
Bang-Bang
1960
[20,21]
1.3.4
L.A.Zadeh 1965 1968

[22]

1973



[23,24]

1.3.5

[25]

PWM
[26]
14
[27] 1.4
Buck Boost
UPS Gerald R.Stanley
[28]
200kHz

SPWM A SPWM

Buck



L L,
L YY Y\ ____ o YYY\L_(¢B

1.4 DBI

1.5 Buck

Buck
Buck
Buck
Buck

[29]

1.6 Buck

DBI 1.5 DBI
DBI

I —)

1.5 Buck

[30]



1.7

1.7.1

DC/AC

1.7.2

Buck

[31,32]

Buck

2kVA

Buck

Buck

Buck

Buck

Buck

PI

Buck

360 800Hz



Buck

10

5.

Buck

Buck

PI



2.1

modulation

Buck

Buck

RPWM Random pulsewidth

2.1 a

21 b

[34-35]

11



Buck

— —
— e
e o /
a b
2.1 2.2
2.2 Buck
221
N.R.Zargari [26] Buck
Dual-Buck Half Bridge Inverter DBI Buck
23 b Ly L
UPS
D, D;
DBI
1
2
DBI

12



[27]
DBI
mode NBHCM
2.4
S, D, L

(b) DBI
2.3 Buck
SPWM ASPWM
DBI
DBI Non-biased half cycle
[31,32]
Buck 2.2
Si Dy Ly C
iL1
Sl D] L1 Sz D2 L2
+ + .

Y
I
=

2.4 DBI

le e PWM

13



Buck

le

2.5

+h

le

1

le

+1

f+'h

N

Al

| T N

A

.
'

't

N

———— =N —— -

;A

1

222

Si

[36]

D,

D,
HCDBI NBHCM

2.6

2.1

|
|
|
|
|
|
iﬁ_{ - —K—--
[@0] <t Dl “
- [ !
s e
= il——-
m ﬁmw
- - —— -

[ g

r______f-_______________

DBI

2.6

14



2.1 NBHCM DBI

iLl iL2 S] S] D] D2 A B 3
>0 | =0 | 1 0 0 0 +Uq — (a)
> | =0 | 0 | 0 1 0 -Uy — (b)
=0 >0 0 0 0 1 — +Uy4 (c)
=0 >0 0 1 0 0 — -Uy (d)
(]m + Ud Uy
ﬂ _ Uin uo
dt L 2.1
T At Al
ar=20L 22
uin _uo
t th 4 Uin Us AIF2h  At=t h
L _2hL -
1 Ud_uo .
o h ty T Un -Uy AIF-2h At=T-t -t
—2h-L
T-t =
1 U, —u, 2.4
23 2.4 Js
1 Ul-uS’
=_ = ° 2.5
f=7 4hLU,
Ud h uo L uO
fmax
_ Ud
fmax 4hL 26
S, DT (1-D)T
(U, ~U,)DT =(U, +U,)(1~D)T e

15




Buck

U, U,
o _ 0 :D_l
U 2U, 2
2.2.3
[
b Nal N
on, loff
v N /LN
0] «— it
T e g ! !
T;)ff
2.7
NBHCMDBI 2.7
DCM
Si Dy Ly S; D2
o iL
iomax = ileax
iomin = ilein
io = iLl
N 2.7 2.6
. —i A
Ud _(]0 =L Lomax ™ Lomin =7 lon
T L,
S, 2.14 2.6
_Ud _ (]0 — L iomin _iomax — _L iomax — iomin — _L%
off1 ];ffl ];fﬂ
A =Ai,=Ai iy I,
1
I, =—G, . +i_.
0 2 ( omax omm)
2.10 2.11
Ai, Al 2.12 lo lomin=0 Lomax=Al
Tomin I

16

2.8

2.9

2.10

2.11

2.14



D=05
U T
I — in
Gmax 8L

2.17 2.16
I, =4I, D(1-D)
2.8 DBI

2.18 Is

2.18 I

CCM

2.7
Io Toffl S1

1 :%{I(Ai T, +Aiff1:)ffl)j|

[} ~ on~ on (&)
2

(2.10) (2.11)
) 1
Alon = Z (Ud - Uo )Ton
of 1
Alyy = I Uy +U )T,
Aion = Ai(;ff

_ Ud_Uo
u,+u, *

offl

(222)  (2.19)

U,-U

L= i +ai Y=Y
2T

on~ on Ud+U

(220)  (2.23) (2.10)

(V]

2.8

Gmax

Uy/Ui

Tosr

(2.20) (2.21)

Ai 2U,

I,)=—*D

2 U +U,

Uy/Ui

2.14

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

17



Buck

1—- 0
; :4D2 ZL?JH 2.24
IGmax 1+ °
Uin
apr— Lo
U, _ Loy N
Um 8D2+ 2]0
IGmax
2.8 2.18
1 1 U
(8] — 4 _+ o _ o
L inax ( in )(2 Uin) 2.26
DCM
D I
DCM
2.3 DBI
2.3.1
1
_ l_ n
: f+ + 1 - ty VO
re +
> ? _|sL+r, et C >
2.8
2.8

18



[37]

IS

[71(30]
[38]
2.3.2 DBI
DBI
2.9
U K T ng, l
” J( . K uAB -
" vp + T;VS A 1 _>:EH_EJ SL G(S)
U, I_Id
K,
2.9 HCDBI
2.3.1
1
O
U. + ' |
rc[ K\v + 1 K lL L 0 >
4’?—» P T;\,S SC
[% 1
(5]
2.10 HCDBI
K + L G(S)
_U®) _ T

iv

(S)
U (S) 1+KVfK(KVp+’T1j G(S)

2.27

19



Buck

2.28
G(S) = —
RC,s+1
Kvp iv va
2.3.3
K|l K +— |G(s
U,(s) ( v Tj )
<D(s)=U (S)= 2.29
e 1+KVfK(KVp+JG(s)
a G(s)
G(s)—L 2.30
C.s '
e + L[ L
b ]-i'VS CfS
D, (s)= 1 1 2.31
I+K K| K +— || —
’ ]—i'vs CfS
b Cs R G(s)
R
G(s) =
(s) RCs11 2.32

20



K| K +L R
® T.s )\ RCis+1
(I)R(S):

) R 2.33
I+K, K| K +—
" T )\ RCis+1
c C: R L G(s)
N
G(s)=
Cos®+—s5+— 2.34
R L
K(KVPJFIJ >
Tis Cos” +—5+— 5 35
@, (s)= )
1+KVfK[KVp+1] S S
s )| ¢ g

C;s Jris+l
R L

i) Co)
O(s) = U,(s) WS s +1

= 2.36
U
« Ok k| ke | R
* T.s )\ RCis+1
Ut  Xsin(wt) Us Xp(o)|sin(wt+6)
1
_ 1+ (KT, o)
4. (jo) |= > - 237
(va _Cf]—;va) ) +(vaKVp1—;va))
(2.36)
, 1+(K, T, 0)
| ¢ (j) |= . 2.38

T
(va _C'fTivva)z)2 +[(vaKvaivv + IIQV )a)]z

21



Buck

5_Uu)-U,(R)

U, ()
Uo(0) uo(R)
2.38 2.39
14, (jo)|
2KVfKvp l+i2
K= 1 i+ R_R
(]—.,7‘2)_Cfa))2 +(vaKvp)2

K,/ T,o>»Cwo, K,/To>KK_

T.0., 11

vf

Iiy w Ko

va Kvp
[39]

1 PI
2
2.4
DBI
1 DBI
2

22

2.39

237

2.40



23



Buck

DBI
PI PI
3.1
Saber a single-kernel
Avant! MAST
Saber Y4
Avant! Calaveras Calaveras
Verilog VHDL
Saber Cadence Verilog-XL Model
Technology ModelSim ModelSim Plus Innoveda Fusion Saber
Saber
Saber
DBI 3.1 DBI
3.2 PI

Pl

24



1
3.2
3.2 DBI
DBI
3.2.1
v R,

3.1

.-'. al = =
T il F 3 - = '_
5y I =11
5 o, E
A )
- =
L I
) -
o . - £
PI
PI
R, AV
1 +Vee .
| I A

i PWM

'
<|

34

25



Buck

35
3.7 3.8
39
15%
P,=2000W U,=115V
1,=P,/U~=17.4A I=wCU=4.3A,
i :«/lo2 +lf =18A 15% h=15%1,=2.7TA
LEM 2000 1
-15vV  +15V
P,=2000W 2000W
Kir 03 04
H=hK;=0.8V
H= R 2V
R +R,
3.2.2 PI
PI
PI
1 T
T

26

+15V

3.1



3.6
T

1)

2)

3)

W>>20m

ws 2T

Om
(OF
T 3.10 3.11
] T
3.7
[40]
Jn Jo Js
w>>100,  ©n
T T=1/10
T=1
TMS320F2407 PI
ﬁmax
f=100kHz

27



Buck

1.2

28

PI
PI [41]
PI
T Kyp
Kp
TS KS
. )
_ [mlnj.0 e"dt], 39
. )
[min J.O e"dt],
3.2 1.05
1.5 2.0
' K, T T4
3.1 PID
T/Ts Kp/Ks TV/Ts Ty/Ts
1.05 PI 0.03 0.55 0.88 —
PID 0.014 0.63 0.49 0.14
1.20 PI 0.05 0.49 0.91 —
PID 0.043 0.47 0.47 0.16
1.50 PI 0.14 0.42 0.99 —
PID 0.09 0.34 0.43 0.20
2.00 PI 0.22 0.36 1.05 —
PID 0.16 0.27 0.40 0.22
PI — 0.57 0.83 —
PID — 0.70 0.50 0.13
Ziegler-Ni | PI — 0.45 0.83 —
chols PID — 0.60 0.50 0.125
3.1



Ts=70uS 3.12
DO
in K, = 20
n-:l w__-"' T ._HKVP _ 17-###__ ey = ” -
000 il iy o
as 1{vp =15
g
o
i K, =10
3.8
PI 15 T=10uS
Ky=7 K=0.14 T\=70uS
Kw=5 Ki=0.14
3.3 DBI
3.3.1 PI
Uin=360V U,=115V fo=400Hz
3.2
THD THD THD THD
K,=5 115.1 0.231 108.4 0.224 118.5 0.197 104.9 0.271
K=0.14
Buck
[42]

29




Buck

30

3.9
_P+iO+0)
Uc

— PrL _(ch +QL)X +jPX+(ch +QL)rL
U, U,

AU, (r, +3X)

AU:PFL_(QCf+QL)X 8U:PX+(QCf+QL)rL
U. U,

u. UC

mn

U.=u, —AU,

Ue =u, —AU +j3U

Ue = (1, ~AUY +(3U)’

83U << (u, —AU)
U, ~u, —AU

O
QL - QCf
QL + QCf

33

3.4

3.5

3.6

3.7

3.8

3.9



P, =2000VA PF=0.8

PF =0.75 LC L. =250uH
f=400Hz  C,=14.7uF
O = u;C, = 488.4var
O, = Ssing =1322var

O, = Ssing =1200var

AU
Z, =1 +]jowL=0.055+]0.628
0O, =1322var, P, =1500W

Q = ch +QL = 1810.4Var
O, =1200var, B, =1600W

0=0.+0, =-711.6var

AU = on _(QCf +QL)X — 917V
Uc

AU = Bn+ (@ +O)X
UC

=3.12V

r, =0.055Q)

3.10

3.11

31



Buck

3.3
L=250uH  C=14.7uF 10kQ/1500kQ
THD THD THD THD
% % % %
K,=4K=0.14 | 116.83 | 0.246 | 108.91 [0.195 |117.07 |0.179 |104.42 |0.252
K,=4K=02 | 11656 |0236 |111.7 |0221 |118.75 |0.171 |[107.31 |0.211
K,=4K=03 | 116.14 | 0223 | 1137 |0214 |118.98 |0.181 |109.85 |0.205
K,=4K=0.4 | 11586 |0239 |114.52 |0.179 | 11852 |0.169 |111.04 |0.220
K,=4K=0.5 | 115.68 | 0250 | 1149 |0.188 | 118.07 |0.171 | 111.83 |0.223
3.4
L=250uH C=14.7pF 10kQ/1500kQ
THD THD THD THD
% b % %
Ki=05K,=1 | 11647 |0.449 |11595 | 0269 |120.78 |0.262
Ki=0.5K,=2 | 116.09 | 0271 | 11576 [0206 |119.38 |0.182 | 111.91 |0.306
Ki=05K,=3 | 11598 [0.186 | 11539 |0211 |[118.75 |0.156 | 111.88 | 0.249
Ki=0.5K,=4 | 1159 |0.188 | 11505 [0.164 | 11830 |0.136 |111.87 |0.236
Ki=05K,=5 | 11584 [0.169 | 11478 |0.173 | 117.98 |0.135 | 111.94 |0.254
Ki=05K,=6 | 11579 | 0206 | 11448 |0.159 |117.36 |0.193
PI
THD
K Kyp
Kypy=4
THD K
0.14 0.5
Ki=0.5
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3.3.2 h THD
35 h
L=250pH  C=14.7uF PI Kyp=4 K=0.5
(kQ/KQ) THD THD THD THD
% % % %
10 /500 1159 0369 | 115.09 | 0.3246 | 119.14 | 0309 | 112.87 | 0.452
10 /1000 115.89 | 0.219 | 114.99 | 0.194 | 119.11 |0.179 | 11291 |0.272
10 /1500 1159 |0.176 | 1150 |0.172 | 119.19 |0.152 | 112.98 | 0.241
10 /2000 115.89 | 0.164 | 115.09 | 0.153 | 119.08 | 0.143 | 113.0 | 0215
3.6 h
L=250uH C=14.7uF PI Kp=4 K=0.5
(kQ/KQ) | 10 /300 10 /500 10/1000 | 10/1500 | 10/2000
(kHz) 21.6 28.8 36.8 40.8 41.6
THD
THD
THD
3.3.3
37 38
3.7
C=14.7uF PI Kyp=4 K=0.5, 10k€/1000kQ2
(C=14.7uF) THD THD THD THD
% % % %
200pH 1159 | 0214 | 11504 |0217 |11939 [0.167 | 112.89 |0.291
250pH 115.89 0219 | 11499 |0.194 | 119.11 |0.179 |112.91 |0.272
500pH 1159 | 0.175 |115.02 |0.185 | 119.12 |0.137
800pH 11591 | 0205 |115.02 | 0223 |119.13 |0.169
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L=250pH PI K,,=4 K=0.5, 10k€2/1000kQ2
L=250pH THD THD THD THD
% % % %
10pF 115.49 | 0.331 114.74 | 0.289 118.69 | 0.286 111.69 | 0.819
14.7pF 115.9 0.191 115.08 | 0.195 119.11 | 0.174 11291 | 0.272
20uF 116.35 | 0.169 115.48 | 0.155 119.58 | 0.164 113.23 | 0.220
30uF 117.22 | 0.111 116.26 | 0.143 120.48 | 0.129 113.52 | 0.173
LC
THD
LC THD
LC
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V, >1.5V =1.5x360 =540V

CEM(S) cem(S)

MOSFET

Icem(S) = \/EX \’icfz + iRlz =1.414x179= 253(A)

ICEM(S) >1 .SIcem(S) =37.95A
IXYS CoolIMOS IXFK47N60C
4.1
Parameter IXKH47N60C
Vpss, max, (V) 600
Ip(cont), Tc=25°C, (A) 47
Ip(cont), Tc=100°C, (A) 30
Rps(on), max, T)=25°C, (Q) | 0.07
41.3.2
D; D;
Ve = 2U, =2x180 =360V
VCEM(D) >] .SVCCm(D) =1.5x360=540V
Iavr(D) =12.6A
ICEM(S) >] .SIavr(D) =1.5x12.6=18.9A
IXYS DSEI30-60A
4.2
Parameter DSEI30-06A
Vrrwm, (V) 600
IFAVMa d= 05, Total, (A) 37
Vg, max, TVJ =150°C, (V) | 1.4
trr, typ, Tyy =25°C, (nS) 35
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TMS320LF2407DSP D/A
D/A TLV5618A 4.6 TLV5618A
2.5uS
12uS
¢, +5VD
' 3.3VD
DIN | 4 8
SCLK 7 R
T 2 | Tryse1sa —20UTB 1
QI cs 3 6
4 5
GNDD™— | R, J‘Cl
- DOUTA
GNDD —— | GNDD
4.6 D/A
4.3
0 1
[48]
HCPL3120A
HCPL3120A
2A 4.7
V[)RV]
+15V J D,
c I B 8 _:. _ DRVGI
5 | HP3120A | 7 =
'IH 2 D,
— 3 6] ]
PWM g 4 5 ‘Llwp,
] D, DRVSI1
= &
[ L W
R4
4.7
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4.4 PI

4.4.1 PI
PI PI
P
|
[49-50]
a
1 e>0
2 |error(k)| >g P .
3 |err0r(k)| <& PI

u(k) =k error(k)+ Pk, ierror(j)T

j=0
1 |err0r| <¢g
5=y
|error| <&
b
4.8 PI 4.9

U = R(k 1)+ K, e(k)

PI

PI

4.17
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46

umax
u(k) = umin
U
Z’lmax umin

D/A

R(k)=R(k-1)+K,e(k)+ K Ju(k)-U]

T
KIZKPXF’

1

PI
I

PI

K T
Ke=%, "1
P 1

Ki

e(n)=v ,(n)—v,(n

P>7™1% " " sat

K, xe(n)

u(k)y=u_, |u(k)=ul u(k)=u, |«

PI

v

U =R(k-1)+K,e(k)
R(k)=R(k—1)+ K,e(k) +
K [u(k)-U]

A A

cur ref =U
e(n—1)=e(n)

RET

PI
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PID
Rk ehy
(k) f Pl
u (k)= {Se(i)ﬁ[e(k)]e(k)}T 420
f le(k)|
L ledB
fletin={ZEOE < ars 421
0 | e(k)|> A+B
F [0 1] (k)| A+B /0
e(k) le(k)] B e(k)
w (k) =k Y e Pl e(h)
B A+B 0 le(k) le(k)|
kiki:e(i)T kiie(i)T PI
u(k) =k e(k) + & {Se(i) + f[e(k)]e(k)}T 422
PI
PI
PI PI
442
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Buck

A/D
SPI
D/A
PI
4.8
[ v
PI
D/A +
* PI
SPI +
A/D
L
L
(2 (b)
4.9

4.5
4.5.1 400Hz

IXFK47N60C(600V,47A) DESI60-06A(600V,60A)

L=250pH , EE55 C =14.7yF

PM3300
4511
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43 44 45
43
Un(V) | UsV) li(A) I,(A) Pi(W) Po(W) n THD(%)
360 115.76 0.04 0 14.4 0 0.483
359.8 115.25 1.67 5.058 600.9 581.5 0.9677 0.765
360 114.84 | 2965 9.503 1067.4 1036.8 0.9713 1.235
360.2 114.51 4.06 12372 1462.4 1412.5 0.9658 0.912
360.4 114.04 5.81 17.738 2094 2017 0.9632 1.281
4.4
Un(V) | Us(V) li(A) Lo(A) Po(VA) n THD PF
359.5 116.4 4.81 17.824 2088 0.9116 1.053 0.755
4.5
Un(V) | Us(V) li(A) Lo(A) Po(VA) n THD PF
360.2 112.36 4.56 18.083 2033.6 0.9236 1.573 0.746
4.3
96%
2% Au 2V
45.1.2
4.10 4.15

360V

DCM
THD 1%
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4.6 1000W

pH \'% mS

250 32 0.2

500 42 0.25

L Kaov o n ~ ; 1 v,:100v/ W
P SR i ] W - e e

1,:10A/ Y, § N
T :1mS/ £,:10

(@) (250uH) (b) (S00uH)
o

V. :100V/ "
R

(¢)  1000pH
4.16 1Kw

250pH  500uH
Po 0—1000W
1000pH 80V 440uS
250uH 32V

453 360~800Hz

1000 80 0.44

T:lmS/ |

1000uH

2008
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Buck

4.5.3.1

TLC5618A

fon = 36kHz

Nmax = 139 ’ Nmin

650 650 800

4.5.3.2

52

=63

[51-53]

TI TMS320LF2407A
100
fmax = SOkHZ
fixt =50kHz

360 800 360 500 500
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Buck

4.7 800Hz
Uin(V) Uo(V) L(A) Lo(A) Pi(W) Po(W) n(%) THD(%)
359.4 12083 | 0.07 — 25.36 S— — 0.938
359.4 120.72 | 1.765 5.116 634.4 612.6 94.52 0.956
360 119.83 | 3.15 9.110 1134 1082 95.41 0.825
359.9 118.98 | 4.25 12390 | 1529.6 | 1461.0 | 95.51 0.985
359.8 118.15 | 5.175 15.165 | 1861.9 | 1774.6 | 95.32 1.225
360.6 117.28 | 5.95 17.558 | 2145.6 | 2041 95.12 0.883
4.8 600Hz
Uin(V) Uo(V) L(A) Lo(A) Pi(W) Po(W) n(%) THD(%)
360.5 120.4 0.065 — 23.52 S— — 0.802
359.8 119.98 | 1.8 5.181 647.6 618.5 95.50 1.003
360.2 119.54 | 3.16 9.213 1138.3 1095.1 | 96.21 1.103
360.1 119.2 432 12.603 | 1555.6 | 1493.7 | 96.02 1.361
359.6 118.89 | 5.31 15,507 | 1909.5 | 18323 | 95.96 1.414
360.8 11858 | 6.16 18.030 | 22225 | 2125 95.61 1.623
49 500Hz
Uin(V) Uo(V) L(A) Lo(A) Pi(W) Po(W) n(%) THD(%)
360.7 12028 | 0.06 — 21.64 S— — 0.817
359.9 120.15 | 1.81 5.209 651.4 625.8 96.21 1.479
359.8 120.0 3.21 9.337 1154.96 | 11152 | 96.55 1.079
359.9 119.89 | 4.395 12.781 1581.7 | 15253 | 96.43 1.424
359.7 119.70 | 5.435 15.750 | 19549 | 18769 | 96.00 1.966
359.7 119.50 | 6.34 18.344 | 2280.5 | 2182 95.68 1.874
4.10 360Hz
Uin(V) Uo(V) L(A) Lo(A) Pi(W) Po(W) n(%) THD(%)
359.7 120.71 | 0.056 — 20.14 S— — 0.821
360.4 12047 | 1.84 5.174 663.1 623.3 96.32 0.871
360.6 120.08 | 3.21 9.346 1157.5 | 11223 | 96.96 1.352
359.6 119.72 | 4.465 12.933 | 1605.6 | 15483 | 96.43 1.606
359.5 11922 | 5.56 16.161 1998.8 | 19267 | 96.39 1.593
358.6 11849 | 6.55 19.039 | 23488 | 2256 96.05 1.829
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500 1000 1500 2000 2500
w)
4.18
800Hz
PI
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3V 500W
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800Hz
[54,64]
454
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DSP 120°
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Buck

Boost DC/DC 4.11 4.12
4.13 100V 150V 200V
4.11 100V
A% A THD %
U, Uy U, I, Iy I, Ua Usp Uc
115.34 | 115.34 | 115.23 0.836 | 0.567 | 0.76 —_—

11483 | 114.83 | 114.79 | 4.661 4.658 | 4.746 0.606 | 0.721 | 0.992 | 94.49

11428 | 114.32 | 11437 | 9.508 9.446 | 9.465 0.621 | 0.792 | 0.93 94.43

113.8 113.82 | 113.99 | 13.932 | 14.045 | 14.093 | 0.419 | 0.811 | 0.764 | 93.5

113.0 113.03 | 113.32 | 18342 | 18.461 | 18.615 | 0.953 | 1.237 | 1.09 92.8

4.12 150V
\Y A THD %
U, Uy U L Iy I, Ua Us Uc
115.31 115.31 115.21 0.872 1 0.774 | 0.94 e

114.84 | 114.86 | 114.79 | 4.661 4.657 | 4.745 0.671 | 0.674 | 0.956 | 94.73

11433 | 11438 | 114.42 | 9.508 9.447 | 9.463 0.454 |0.786 | 0.814 | 95.44

133.84 | 133.82 | 113.96 | 13916 | 14.02 | 14.07 0.701 | 0.801 |0.973 | 95.53

113.05 | 113.16 | 113.42 | 19.374 | 1851 | 18.652 | 0.734 | 1.263 | 1.034 | 94.44

4.13 200V
v A THD %
U, Up U, I, Iy I Ua U Uc
11539 | 11535 | 115.26 0969 | 0.619 |0.854 | —

11478 | 114.8 114.67 | 18.342 | 18.461 | 18.615 | 0.581 | 0.538 | 0.866 | 94.6

144.44 | 144.47 | 1145 13.924 | 14.029 | 14.082 | 0.834 | 0.807 | 0.852 | 95.75

113.89 | 113.9 114.05 | 9.519 9.461 | 9.476 0.423 | 0.852 | 0.932 | 96.06

113.0 113.03 | 113.32 | 4.658 4.655 | 4.741 0.953 | 1.237 | 1.09 95.24
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Buck

Buck
DBI Buck
Buck [>4]
5.1
(33-37] 30%-~40%,
20%~30%
[58]
DBI
DBI
DBI DBI
Integrated Magnetics
Dual Buck Inverter——IMDBI DBI

Separated Inductor Dual Buck Inverter——
SIDBI
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DBI Buck

DBI 5.1
k k
A .”|'\\. B A— B
c c
5.1
5.1.1
DBI DBI
52 52 a [59]
1 53 L L Ly
Lsi Ls K N=1

(@) (b)
52 DBI
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Buck

53
di d . . di
v, =(L—Ly) dE‘l v, =Ly E(Zu +iy) v, =(L,—Ly) di‘z Va =%
S Ly
U,=U;—u, 52
U,=v,+v, 5.3
di d . . 5.4
(L, _LM)TI;I"'LM E(lu +i,)=U,—u,
B
di d . .
UB:uo+(L2_LM)TI;2+LMZ(1L1‘HL2) 5.5
(54) (5.5)
di di
Uy :Ud_(Ll_LM)TI;l—'—(LZ_LM) stz 5.6
L,#L, L
L2 B Ud
(
)
Uy >U, 5.7
D, St L1 L, Dy
Ds;
(29,301 52 b
51.2
U, =360V
v, =115V
P =2000W
/., =400Hz
L =L,=250uH K,=09 K,=-09
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5.1
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c d
57 Buck
U, =360V v, =115V
P, =1000W f, = 400Hz

Lap = Lan = Lep = Lgp =125uH
K,=09 K,=-09

(i |
i e
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Buck

Rl ()| EEGE |
MM W

R T L

b
5.8
Buck
Buck
52.2
5.2.21
5.1
(—Ud,-i-Ud)
IMDBI SIDBI
L=L=L
Lyp+Ly=L+Lg=L LAP:LAN:L/Z
2
Li=y =N¢ Ni=2B BV,
1 1)
:SIDBI L N Sei
B, 0,
IMDBI L2 N,
Se2 B2 62
SIDBI
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51
IMDBI
L _ W, Se,
2 5
Selz Sez 61:62 5.8
Nz:%Nl
=25
%
N,i=25:
%
Bmax B 1:B2:Bmax
5.12
1
0, =—=0,
2 \/5 1
IMDBI
5=126,
IMDBI
IMDBI
5222
U, =360V v, =115V
P, =2000W f, =400Hz

5.8

59

59

5.10

5.11

5.12

5.10 5.11

5.13

SIDBI

Ly, =123uH L, =122yH L,, =120yH L, =123uH

K, =0.788

K, =—0.789

EE42C
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5.3.1

512
5.3.2
U, =360V =115V
P, =1000W f, = 400Hz
L, =L, = 250pH
K, =-0.9

5.13
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b
5.13
Buck
D; Ds
Buck
Buck
54
Buck
Buck
1. DBI
2.
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6.1
ASI
DBI
1
PI
2
120°
360 800Hz
3 DBI DBI
DBI
6.2
1 DBI
2
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