(19) United States

12 Reissued Patent
Wang et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE49768E

US RE49,768 E
Dec. 26, 2023

(54) WIND POWER CONVERTER DEVICE AND
CONVERTER DEVICE

(71) Applicant: DELTA ELECTRONICS, INC.,
Taoyuan (TW)

(72) Inventors: Chang-Yang Wang, Taoyuan (TW); Li
Cai, Taoyuan (T'W); Yan-Song Lu,
Taoyuan (TW)

(73) Assignee: DELTA ELECTRONICS, INC.

(21)  Appl. No.: 16/902,934

(22) Filed: Jun. 16, 2020
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 10,027,239
Issued: Jul. 17, 2018
Appl. No.: 15/674,512
Filed: Aug. 10, 2017

U.S. Applications:
(62) Daivision of application No. 14/794,844, filed on Jul.

9, 2015, now Pat. No. 9,768,706.

(30) Foreign Application Priority Data
Sep. 5, 2014 (CN) oo, 201410452474 X
Mar. 3, 2015 (CN) oo 201510094313.2
(51) Int. CL
HO2M 5/45 (2006.01)
FO3D 9/25 (2016.01)
(Continued)
(52) U.S. CL
CPC .......... HO2M 5/4505 (2013.01); FO3D 9/255

(2017.02); HO2M 5/45 (2013.01); HO2M
5/452 (2013.01):

(Continued)

Under wind -

-
ci

(38) Field of Classification Search
CpPC ... HO2M 5/4505; HO2M 5/45; HO2M 35/452;

FO3D 9/255
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,083,039 A * 1/1992 Richardson ........... FO3D 7/0272
290/44
5,644,483 A * T7/1997 Peng ......oooooeeinnnnil, HO2M 7/487
363/132

(Continued)

FOREIGN PATENT DOCUMENTS

CA 2792602 Al 4/2014
CN 1983785 A 6/2007
(Continued)

Primary Examiner — Linh M Nguyen
(74) Attorney, Agent, or Firm — Hauptman Ham, LLP

(57) ABSTRACT

A wind power converter device 1s provided. The wind power
converter device includes grid side converters, generator
side converters and a DC bus module. Fach of the grnd side
converters includes grid side outputs electrically coupled to
a grid and a first and a second DC imputs. Each two of the
neighboring grid side converters are connected in series at
the second and the first DC 1nputs. Each of the generator side
converters 1ncludes generator side inputs -electrically
coupled to a generator device and a first and a second DC
outputs. Each two of the neighboring generator side con-
verters are coupled 1n series at the second and the first DC
outputs. The DC bus module 1s electrically coupled between
the grid side converters and the generator side converters.

16 Claims, 12 Drawing Sheets

» Upwind

- Mhmmﬂﬁkmm““mmm“m

|

Wi R AR T T TS WELAAN  ToRR VAR L W el AR B WTRERE AR

h#ﬂ%m#m%*%m#—m#“m“#“mmm
»




US RE49,768 E

Page 2
(51) Int. Cl. 2013/0182466 ALl*  7/2013 LU wovooreoii, HO02J 3/386
HO2M 5/458 (2006.01) 363/34
HOOM 5/452 (2006.01) 2013/0234522 Al*  9/2013 Tan .................... HO2M 5/4585
HO2M 7/757 (2006.01) 307772
HOOM 100 (2006.01) 2013/0249501 AL*  9/2013 LU wovvovvvoooi, FO3D 7/0224
e 322/21
(52) U.S. Cl. 2013/0272038 Al 10/2013 Wang et al.
CPC ........ HO2M 5/4585 (2013.01); HO2M 1/0077 2013/0279214 Al* 10/2013 Takase ... ... HO2M 7/6%
(2021.05); HO2M 7/7575 (2013.01); YO2E 363/37
10/72 (2013.01); YO2E 10/76 (2013.01) 2013/0279222 Al* 10/2013 Cai weovevveioivoiin, HO2M 5/4585
363/78
(56) References Cited 2014/0021937 Al*  1/2014 Wang ......ccco........ HO%P;% gg%
U.S PATENT DOCUMENTS 2015/0236603 Al* 872015 Jimichi .ovvoevveivinn., HO2M 5/293
363/37
6,166,513 A * 12/2000 Hammond .............. HO2M 7/49 2016/0069327 Al*  3/2016 Wang ................ HO2M 5/4585
318/762 363/37
8,472,219 B2  6/2013 Srighakollapu et al. 2016/0211763 Al* 7/2016 Wang ................. HO2M 5/4585
9,444,322 B2* 9/2016 Park ..................... HO2M 1/12 2016/0329832 Al* 11/2016 Aecloiza ..ooovvvvein... HO2M 7/493
9,768,706 B2*  9/2017 Wang ................ HO2M 5/4505
) .
2008/0291708 Al* 11/2008 Teichmann ........... Hozzxg ;gg FORFIGN PATENT DOCUMENTS
2009/0121482 Al  5/2009 Rickard |
2012/0081058 ALl* 4/2012 Bortolus ... HO02K 11/001 g§ }gégéggg‘l‘ i ?ggrg
318/490 3
. CN 102946118 A 2/2013
2012/0163044 Al* 6/2012 Mayor Miguel ....... HO2M 7/49 g 103441530 % 19/9013
| 363/37 N 103606926 A 2/2014
2012/0217749 Al’k 8/2012 C&Stelll DGZZH, ....... HOQP 9/305 CN 103715708 A 4/20;4
) 290/44 DE 102005025422 Al 12/2006
2013/0056985 Al 3/2013 Lu oo FO3D ;/9%2/32 W 1443949 B 7/2014
2013/0182465 Al*  7/2013 Wang ... H02J 3/381
363/34 * cited by examiner



US RE49,768 L

Sheet 1 of 12

Dec. 26, 2023

U.S. Patent

ppliprH: %. .h X Wipplyhih. iyl L] il plpplipeth il Sl
: i

fffffffffffffff

ME[;E#, e e e

: i
N r
an
o
ye———
A7
N

) ]
1
s I oy o o
.“.r.l-l-l.ll..lll.i-l. - ey ok yar
L
Wiy dhfel ol Pyl Folfally Sl M W  F H b b B L DI L

“ F
4

x
Tg

z

091
4

ek oy e mm o mrh h-_-r-u.-i-aq---..--iq-..,-‘
1
ik 1

]
o’
il SpPippkly plipplip’t Spplipplly Lo I L R

=l g~ -
it ey
e s emye

—
LA
——
O
&

r
T A—— ¥ ]
L]
+
r v v . v II_._._..FI v v v ’ - - v -
] -
)
T
)
¥
¥
4
|
]

puimdf) «—i—» puIm I2PU[)



US RE49,768 L

91¢
o
= N
S
&
S yun j01uod
2 | JU21IND
h 1
7 “ puU03aS
i
o]
- " - [JIUR (010D
en _ o SUILIDAUOD %45, |7
x A 1Y - | A jmennd
m Hm\‘ -l QOU@W ol 7p
< A sug
2 M
2 81¢
= P12

U.S. Patent

hﬂ.&w

Py

A

90¢
O1¢C 80T Hun
m . m SUIADIIDY B ﬁ\ﬁ
| poop . S o S
jun jo43uod L - - 338}[0A
Wmﬂ\wtc\/ A R \m;:.ug
:E@ttmc L
Cojun T un
wEHE\EOUMQ Sutaomar €1
1S.T ‘4 yuanm 4
T ..1.:& B Al.m:_m,w - duadal rM aaaaa g m.,.m
1Py f Jf
| 20T 00T



US RE49,768 L

t Dld

| 90¢
O1¢
. )
I b
S JIUN [0JJUOD - LK
e,
ﬂ T HGO..ES.U - — sl it by
." FA T % '
=5 _ N .
7 W PUOI9S - jun nun
z m . - * <« N
) jun “ v SUILIDAUOD| V71| 3UIAdLIIDI N
N - | « @ [11unjonuod T R
Vi, < SUIIDAUOY = |5 -l OS] LU o) < ww)
¢ m> . A B A JALIND N P N7 .
a N PUODIS -« - « L f ._ f
Q VP 1SIT vy |t A
=3 w f 20¢ 00€
» ¢
> Cl
= ) R0¢ PO§
L

U.S. Patent



US RE49,768 E

Sheet 4 of 12

Dec. 26, 2023

U.S. Patent

091

Trpee
€0

4838,

007 m
puimdn -« — PUIM IOPU()




US RE49,768 L

Sheet 5 of 12

Dec. 26, 2023

U.S. Patent

IA

miniiinininieinieie Al R ETE LR R R R

jun

- <+ 8un1eAu00

V7 B :

POy GOQQW -
cls

01§

w 90¢
Hun j0nuo0d w
0 JUDIIND et g
i B E.;%N
PUOIAG L g
- Hun jonuod -
A u21Ind
o, na | |t -
- 1S4 i -«
806 1403

1 ACH :@N

{ m,..m

L { ,%.n_m
! E—.ﬁ.m N

*

c0¢ 00¢

jun - jun
- -
“h, BUIIIOAUOO | 1| SUIAdLIIar 17
L < «— 9]
T Hmﬂ: ,WM - ! B Mﬁm@.,mqw—.ﬁo P a— m_::mm



US RE49,768 F.
\O
QO
—
[r,

Sheet 6 of 12

b R T T T

Dec. 26, 2023

purmd) «—i—» puim Ipu()

U.S. Patent




US RE49,768 L

Sheet 7 of 12

M feiein i Al e e el

Dec. 26, 2023

puimd() «—i—» puim Jopun)

U.S. Patent



US RE49,768 L

Sheet 8 of 12

Dec. 26, 2023

U.S. Patent

dinial ieisly delsl  Sisiy  sisisk ik deiek  eisby  defek  elisiy  -dsisl ekl Gdafalk einis  dniel nialy deist sy deisf niely deiaf  ieisfs delsl isisls el Shlsin deiisk  isis  sielisk eisis  sisisnk isis  sisisk  efeis Gdsisk Srisis  dvielk | ofiais diein deieir sieiy felsfe sinist  dsinis  sinliek  isiefr sinlink  Selalr  sinlial Salely sl

1

a9

i
e

m 008
puimdf) «—i—» puim Jopup)

sl
|

| il
="
will
—y

| )

m

. |
L
Sl dhbbinleabiis.

il
/'U.mwwqmmmm

L T I L L T L T T T L I T T T T T T

0



US RE49,768 L

Sheet 9 of 12

Dec. 26, 2023

U.S. Patent

(49,

werivn  rvdeee Tl B T TS T

006
puimd) «—i—p puim Japun



US RE49,768 L

Sheet 10 of 12

Dec. 26, 2023

U.S. Patent

s ik b st el R heewier Mt e sl o welkrly e R med iveee it i

VEOT T 0001

puImdn) —i—» pulm Ipu[)

£
Ol DIA
ST
w
;
|
| o
¥ , “
| e |
w ]
w 4 |
{ {
{ | |
H ol |
L ; |
L \
q001 | | |
w,
%
W_
i
”, -
“ -
|
|
H % - m w T
W , EA=Q)
| ¥ w
| {
|
m
|
w
Lo }
<-oo?ﬂ
- P01



US RE49,768 L

Sheet 11 of 12

Dec. 26, 2023

U.S. Patent

wfer  FuFef ey el PP el el

gty Meeld v gesue el sulee oduiels  ubusiah

m....._......._._.__. iiiiii .

i
B B B
m i
| BeE
| m - m
Db

i
;
M PR fo o
N | m

el ey peglegd gy plndegl dgplggedy ek by

el P, Bl iy b ol L Bl PPl

Al Pl Sefefim il e el Pl ol

¥
&
&
|
L]
t
.
F
. i E

PPl Ter ey, Prts | wrelen  Bmawent e 3
i J

aHelet  Helebh wielmh ety ot eHies et SeleTy  mleTeh AR
PP

Vil verr LLAO

-
J E-————-—+ VOl

puimd) <

I DId

0011 )
—- PUIA JODUN

+
+



US RE49,768 L

Sheet 12 of 12

Dec. 26, 2023

U.S. Patent



US RE49.,768 E

1

WIND POWER CONVERTER DEVICE AND
CONVERTER DEVICE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This Application 1s a Divisional of U.S. application Ser.
No. 14/794,844, filed on Jul. 9, 2015, and claims priority to

Chinese Application Serial Number 201410452474 X, filed
Sep. 5, 2014 and Chinese Application Serial Number
201510094313.2, filed Mar. 3, 2015, which are herein incor-

porated by reference.

BACKGROUND

Field of Invention

The present mvention relates to a converter technology.
More particularly, the present invention relates to a wind
power converter device and a converter device.

Description of Related Art

Along with the development of the renewable power,
technicians focus on the improvement of the wind power
converter, which 1s the core of the wind power generation
system. In the field of the electricity-driven frequency con-
verter and the converter for generating power, a multiple of
converters are used based on the increasing system capacity.
However, a multiple of direct current (DC) buses that extend
for a long distance are used to transmit the voltage when a
multiple of converters are used. If the cost of the transmis-
sion of the energy in the DC component can not be lowered,
the efliciency of the whole converter can not be improved.
In addition, when the distance between the motor and the
generator 1s longer, 1.e. the distance between the converters
in the generator side and the converters in the motor side 1s
longer, a multiple of direct current (DC) buses that extend
for a long distance are used to transmit the voltage when a
multiple of converters are used. If the cost of the transmis-
s1on of the energy in the DC component can not be lowered,
the efliciency of the whole converter can not be improved.

Accordingly, what 1s needed 1s a wind power converter
device and a converter device to address the issues men-
tioned above.

SUMMARY

The disclosure provides a wind power converter device.
The wind power converter device includes a plurality of grid
side converters, a plurality of generator side converters and
so a DC bus module. The grid side converters each includes
a plurality of grid side outputs electrically coupled to a grid,
a first direct current (DC) mput and a second DC input,
wherein the second DC input of one of any two of the
neighboring grid side converters i1s coupled 1n series to the
first DC 1nput of another one of the two neighboring grnid
side converters. The generator side converters each includes
a plurality of generator side inputs electrically coupled to a
generator device, a first DC output and a second DC output,
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2

wherein the second DC output of one of any two of the
neighboring generator side converters 1s coupled 1n series to
the first DC output of another one of the two neighboring
generator side converters. The DC bus module 1s electrically
coupled between the gnid side converters and the generator
side converters.

Another aspect of the present disclosure 1s to provide a
wind power converter device. The wind power converter
device includes n grid side converters, 2n generator side
converters and a DC bus module. The n grid side converters
cach includes a plurality of grnid side outputs electrically
coupled to a grnid, a first DC input, a middle point input and
a second DC mput. The 2n generator side converters each
includes a plurality of generator side inputs electrically
coupled to a generator device, a first DC output and a second
DC output, wherein the second DC output of the 2n-1-th
generator side converters 1s coupled 1n series to the first DC
output of the 2n-th generator side converters. The DC bus
module 1s electrically coupled between the grid side con-
verters and the generator side converters, wherein n>=1.

Another aspect of the present disclosure 1s to provide a
wind power converter device. The wind power converter
device includes 2n grid side converters, n generator side
converters and a DC bus module. The 2n grid side converters
cach includes a plurality of grnid side outputs electrically
coupled to a grid, a first DC mput and a second DC nput,
wherein the second DC mput of the 2n-1-th gnid side
converters 1s coupled 1n series to the first DC mput of the
2n-th gnd side converters. Each of the n generator side
converters includes a plurality of generator side inputs
clectrically coupled to a generator device, a first DC output,
a middle point output and a second DC output. The DC bus
module electrically coupled between the grid side converters
and the generator side converters, wherein n>=1.

Another aspect of the present disclosure 1s to provide a
converter device. The converter device includes a plurality
of first generator side converters, a plurality of second
generator side converters and a DC bus module. The first
generator side converters each includes a plurality of motor
side outputs electrically coupled to a motor device, a first
DC mput and a second DC mput, wherein the second DC
input of one of any two of the neighboring first generator
side converters 1s coupled 1n series to the first DC input of
another one of the two neighboring first generator side
converters. The second generator side converters each
includes a plurality of generator side inputs electrically
coupled to a generator device, a first DC output and a second
DC output, wherein the second DC output of one of any two
of the neighboring second generator side converters 1is
coupled 1n series to the first DC output of another one of the
two neighboring second generator side converters. The DC
bus module 1s electrically coupled between the first genera-
tor side converters and the second generator side converters.

These and other features, aspects, and advantages of the
present disclosure will become better understood with ref-
erence to the following description and appended claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are by

examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:
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FIG. 1 1s a circuit diagram of a wind power converter
device 1n an embodiment of the present disclosure;

FIG. 2 1s a block diagram of the secondary generator side
control module 1n an embodiment of the present disclosure;

FIG. 3 is a block diagram of the primary generator side >
control module 1n an embodiment of the present disclosure;

FIG. 4 1s a circuit diagram of a wind power converter
device 1n an embodiment of the present disclosure;

FIG. 5 1s a block diagram of the generator side control
module 1 an embodiment of the present disclosure;

FIG. 6 1s a circuit diagram of a wind power converter
device 1n an embodiment of the present disclosure;

FIG. 7 1s a circuit diagram of a wind power converter
device 1n an embodiment of the present disclosure;

FIG. 8 1s a circuit diagram of a wind power converter
device 1 an embodiment of the present disclosure;

FIG. 9 1s a circuit diagram of a wind power converter
device 1 an embodiment of the present disclosure;

FIG. 10 1s a circuit diagram of a wind power converter ¢
device 1n an embodiment of the present disclosure;

FIG. 11 1s a circuit diagram of a wind power converter
device 1 an embodiment of the present disclosure; and

FIG. 12 1s a circuit diagram of a converter device 1n an
embodiment of the present disclosure. 25

10

15

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the disclosure, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers are used in the drawings
and the description to refer to the same or like parts.

Reference 1s now made to FIG. 1. FIG. 1 1s a circuit
diagram of a wind power converter device 1 1n an embodi-
ment of the present disclosure. The wind power converter
device 1 includes grid side converters 10A-10C, generator

side converters 12A-12C and a DC bus module. The gnd

side converters 10A-10C and the generator side converters
12A-12C are respectively disposed in the up part of the
tower and the under part of the tower (Under Wind). The
generator side converters 12A-12C are disposed 1n a room of
the top of the tower of the wind power converter device 1
(Upwind). The grid side converters 10 A-10C are disposed 1n 45
the bottom or outside of the tower of the wind power
converter device 1. The cost of the cables for transmitting
power between the grid side converters 10A-10C and the
generator side converters 12A-12C can be reduced. The
loading of the weight of the up part of the tower can be 50
distributed equally as well.

In an embodiment, all the grid side converters 10A-10C
include identical components. Take the grid side converter
10A as an example, the grid side converter 10A 1n the
present embodiment 1s a two-level converter and includes 55
orid side outputs (e.g. three gnd side outputs) N1-N3
clectrically coupled to the grid 16, a first DC input IN1 and
a second DC input IN2. In an embodiment, the grid side
outputs N1-N3 are electrically coupled to the gnd 16
through a voltage transformer 160. 60

The second DC input IN2 of one of any two of the
neighboring grid side converters 10A-10C 1s coupled in
series to the first DC mput IN1 of another one of the two
neighboring grid side converters 10A-10C. Take the grid
side converters 10A and 10B as an example, the second DC 65
input IN2 of the grid side converter 10A 1s coupled in series
to the first DC mput IN1 of the grnid side converter 10B.

30

35

4

Similarly, the second DC input IN2 of the grid side converter
10B 1s coupled 1n series to the first DC mput IN1 of the grid
side converter 10C.

In an embodiment, the number of the generator side
converters 12A-12C 1s the same as the number of the gnd
side converters 10A-10C. Further, all the generator side
converters 12A-12C may include the 1dentical components.
Take the generator side converter 12A as an example, the
generator side converter 12A 1n the present embodiment 1s
a two-level converter and includes generator side imputs (e.g.
three generator side mputs) O1-O3 electrically coupled to
the generator device 18, a first DC output OUT1 and a
second DC output OUT2. In an embodiment, the generator
device 18 1s a permanent magnet synchronous generator
device, an excitation synchronous generator device or an
induction generator having a multiple groups of windings.
Each group of the windings includes three windings (not
illustrated). Take the generator side converter 12A as an
example, the three windings of each group of windings 1n
the generator device 18 in the present embodiment are
respectively coupled to the generator side mputs O1-O3. In
an embodiment, the generator side converters 12A-12C are
clectrically coupled to the generator device 18 through a
filtering circuit (not 1illustrated) that includes such as an
inductor or a capacitor.

The second DC output OUT2 of one of any two of the
neighboring generator side converters 12A-12C 1s coupled
in series to the first DC output OUT1 of another one of the
two neighboring generator side converters 12A-12C. Take
the generator side converters 12A and 12B as an example,
the second DC output OUT?2 of the generator side converter
12A 1s coupled 1n series to the first DC output OUT1 of the
generator side converter 12B. Similarly, the second DC
output OUT2 of the generator side converter 12B 1s coupled
in series to the first DC output OUT1 of the generator side
converter 12C.

The DC bus module in the present embodiment includes
only two buses 140 and 142 corresponding to the two grid
side converters 10A and 10C and the two generator side
converters 12A and 12C. The bus 140 1s electrically coupled
to the first DC mput IN1 of the grid side converter 10A and
the first DC output OUT1 of the generator side converters
12A. The bus 142 is electrically coupled to the second DC
input IN2 of the grid side converter 10C and the second DC
output OUT2 of the generator side converters 12C. The DC
bus 1s not disposed between each pair of the first DC input
IN1, the first DC output OUT1, the second DC mput IN2 and
the second DC output OUT2 that corresponds to the inter-
mediate grid side converter and generator side converter.

In an embodiment, the DC bus module further include bus
capacitors C1-C6 each electrically coupled between the first
DC mputs IN1 and the second DC mnputs IN2 of the grid side
converters 10A-10C and between the first DC outputs OUT1
and the second DC outputs OUT2 of the generator side
converters 12A-12C to support the voltages of these termi-
nals.

In an embodiment, the wind power converter device 1
further includes chopper circuits 13A, 13B and 13C each
disposed at the two ends of the bus capacitors C4, CS and Cé
to perform a voltage balancing protection to the generator
side converters 12A-12C. Take the chopper circuit 13A as an
example, the chopper circuit 13A includes a controllable
power semiconductor switch, a resistor and two diodes. The
collector of the controllable power semiconductor switch
clectrically connects the cathode of one diode and one
terminal of the bus capacitor C4, and the emitter of the
controllable power semiconductor switch electrically con-
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nects the anode of the diode. One terminal of the resistor
connects the emitter of the controllable power semiconduc-
tor switch and the other terminal of the resistor connects the
other terminal of the bus capacitor C4. The other diode
connects the resistor in parallel. In some embodiments, the
wind power converter device 1 further includes chopper
circuits each electrically coupled to the two ends of each of
the bus capacitors between the first and the second DC
inputs ol each of the grid side converters or between the two
ends of each of the bus capacitors of the bus capacitors
between the first and the second DC outputs of the generator
side converters to perform a voltage balancing protection to
the grid side converters and the generator side converters.
Therefore, the wind power converter device 1 of the
present disclosure can connect the grid side converters
10A-10C 1n series by electrically coupling the first DC 1nput
IN1 and the second DC mput IN2 of any two neighboring
orid side converters 10A-10C, and can connect the generator

side converters 12A-12C 1n series by electrically coupling
the first DC output OUT1 and the second DC output OUT2

of any two neighboring generator side converters 12A-12C.

Further, since the buses 140 and 142 are only disposed
between the first DC input IN1 of the grid side converter
10A and the first DC output OUT1 of the generator side
converter 12A and between the second DC mput IN2 of the
or1d side converter 10C and the second DC output OUT2 of
the generator side converter 12C, the DC voltages of the grid
side converters and the generator side converters can be
adjusted according to the number of the grid side converters
and the generator side converters coupled in series. The
design of the wind power converter device 1 can be more
flexible. The number of the DC buses between the grid side
converters 10A-10C and the generator side converters 12A-
12C and the cost can be reduced.

In an embodiment, the generator side converters 12A-12C
illustrated 1 FIG. 1 include a primary generator side con-
verter and a plurality of secondary generator side converters.
In an embodiment, the generator side converter 12C can be
assigned to be the primary generator side converter, such
that the generator side converters 12A and 12B become the
secondary generator side converters.

The detail description of the control mechanism of the
primary generator side converter and the secondary genera-
tor side converters 1s 1llustrated 1n the following paragraphs.

The wind power converter device 1 further includes
secondary generator side control modules 11A and 11B and
the primary generator side control module 11C correspond-
ing to the secondary generator side converters 12A and 12B
and the primary generator side converter 12C respectively.

The secondary generator side control modules 11A and
11B respectively receive three phase secondary input current
amounts I1-12 corresponding to the generator side inputs
01-03 of the corresponding secondary generator side con-
verters 12A and 12B, a secondary DC voltage amount V ,_ |
(i.e. the DC bus voltage) corresponding to the first and the
second DC outputs OUT1 and OUT2 of the corresponding
secondary generator side converters 12A and 12B and a
second axis general given current component 1, ..+ Out-
putted from the primary generator side converter 12C to
generate three phase secondary voltage control signals
V1-V2 accordingly to control the corresponding secondary
generator side converters 12A and 12B. Each of the sec-
ondary generator side control modules 11A and 11B gener-
ates a second axis secondary independent given current
component 1__;. according to the corresponding secondary

DC voltage amount V ,_ .
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In an embodiment, both of the secondary generator side
control modules 11 A and 11B include 1dentical architecture.
The detaill description 1s made by using the secondary
generator side control module 11A as the example.

Reference 1s now made to FIG. 2. FIG. 2 1s a block
diagram of the secondary generator side control module 11 A
in an embodiment of the present disclosure. The secondary
generator side control module 11 A includes a current retriev-
ing umt 200, a first converting unit 202, a first computing
unmt 204, a voltage retrieving umt 206, a voltage difference
computing unit 208, a voltage control unit 210, a second
computing unit 212, a first current control unit 214, a second
current control unit 216 and a second converting unit 218.

The current retrieving unit 200 1s electrically coupled to
the generator side inputs O1-0O3 of the secondary generator
side converter 12A to retrieve the three phase secondary
iput current amount I1. In an embodiment, the three phase
secondary mput current amount I1 includes three compo-
nents 1, ,, 1, , and 1, ,.

The first converting unit 202 1s configured to convert the
three components 1, ., 1, ., and 1_ , of the three phase sec-
ondary input current amount I1 to a first axis secondary
current component 1, , and a second axis secondary current
component 1, ;. In an embodiment, the first converting unit
202 includes a dq rotation coordinate that comprises a d axis
and a q axis. The first axis secondary current component
corresponds to the d axis of the dq rotation coordinate and
the second axis secondary current component 1, , corre-
sponds to the q axis of the dq rotation coordinate. In an
embodiment, the first axis secondary current component 1, |
is a reactive current component and the second axis second-
ary current component 1, , 1s an active current component.

The first computing unit 204 1s configured to perform
computation to generate a {irst axis diflerence 1, , ; according
to the first axis secondary current component i, , and a first
axis secondary independent given current component i, ..
The first axis secondary independent given current compo-
nent 1, .. can be a predetermined value stored 1n the sec-
ondary generator side control module 11A.

The voltage retrieving unit 206 1s configured to retrieve
the secondary DC voltage amount V . . from the first and the
second DC outputs OUT1 and OUT2 of the secondary
generator side converter 12A. The voltage difference com-
puting unit 208 1s configured to perform computation to
generate a voltage difterence V ;. , according to the second-
ary DC voltage amount V . . and a referent voltage amount
Ve rop The reterent voltage amount V de repr CANL be a prede-
termined value stored 1in the secondary generator side con-
trol module 11A. Further, the voltage control unit 210 1s
configured to generate the second axis secondary indepen-
dent given current component 1, ;. according to the voltage
difference V . ..

The second computing unit 212 is configured to perform
computation to generate a second axis difference 1,
according to the second axis secondary current component
1 the second axis general given current component

g_1’
1 . and the second axis secondary independent given

Cqﬁrrent component 1, ;.

The first current control unit 214 is configured to generate
a first axis secondary voltage control signal V , . according
to the first axis difference i, ,,. The second current control
unit 216 is configured to generate a second axis secondary
voltage control signal V_, according to the second axis
difterence 1, ;,. The second converting unit 218 is config-
ured to convert the first axis secondary voltage control signal
V . . and the second axis secondary voltage control signal

V_ , to the three phase secondary voltage control signal V1.
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In an embodiment, the three phase secondary voltage control
signal V1 includes three components V, ,V, ;and V_ .. In
an embodiment, each of the three components V,_,, V,, , and
V . . can be a pulse width modulation (PWM) signal.

Therefore, by using the three phase secondary voltage
control signal V1 to control the semiconductor switches 1n
the secondary generator side converter 12A to be turned on
or turned ofl, the secondary generator side converter 12A
operates 1n either a rectifying state, an inverting state or a
non-operation state.

It 1s noted that the secondary generator side control
module 11B can also generates the three phase secondary
voltage control signal V2 according to the three phase
secondary input current amount 12, the second axis general
given current component 1_ ... and the secondary DC
voltage amount V , . However, the first axis secondary
independent given current component 1, ;» and the second
axis secondary independent given current component 1,
that correspond to the secondary generator side centrel
module 11B can be independent from those that correspond
to the secondary generator side control module 11 A. And the
second axis general given current component 1 » can be

G-H OV

used 1n both of the secondary generator side control modules

11A and 11B.

Reference 1s now made to FIG. 3. FIG. 3 1s a block
diagram of the primary generator side control module 11C 1n
an embodiment of the present disclosure. The primary
generator side control module 11C includes a current retriev-
ing unit 300, a first converting unit 302, a first computing
unit 304, a second computing unit 306, a {irst current control
unit 308, a second current control unit 310, a second
converting unit 312.

The current retrieving umt 300 1s electrically coupled to
the generator side mputs O1-O3 of the primary generator
side converter 12C to retrieve the three phase primary input
current amount I3. In an embodiment, the three phase
pnnlary input current amount I3 includes three components

1-:1 _ND lb _N and 1 1::: N
The first eenvertlng unit 302 1s cenﬁgured to convert the

three components 1__., 1, ., and 1. ., of the three phase
primary input current amount I3 to a first axis secondary
current component 1, »and a second axis secondary current
component 1, ». In an embodiment, the first eenvertlng unit
302 includes a dq rotation coordinate that comprises a d axis
and a q axis. The first axis primary current component I , .,
corresponds to the d axis of the dq rotation coordinate and
the second axis primary current component 1, » corresponds
to the g axis of the dq rotation coordinate. In an embodiment,
the first axis primary current component 1, », 1S a reactive
current component and the second axis primary current
component 1, », 1S an active current component.

The first computing unit 304 1s configured to perform
computation to generate a first axis diflerence 1, ., , accord-
ing to the first axis primary current component i, ,, and a
first axis primary independent given current component

1, are-
' The second computing unit 306 is configured to perform
computation to generate a second axis difference 1, 5,
according to the second axis primary current component
1, - a total second axis secondary independent given cur-
rent 21, . and a second axis general given current compo-
nent 1, ,.,,+ In an embodiment, the total second axis
secondary independent given current 21, . 1s the sum of the
second axis secondary independent given currents 1__.. of all
the secondary generator side control modules 11 A and 11B.
The first current control unit 308 1s configured to generate

a first axis primary voltage control signal V; ,; according to
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the first axis difference 1, ... The second current control unit
310 is configured to generate the second axis primary
voltage control signal V _ , according to the second axis
difference 1, 5, The second converting unit 312 1s config-
ured to convert the first axis primary voltage control signal
V. »~ and the second axis primary voltage control signal
V., xtothe three phase primary Veltage control signal V3. In
an enlbedlnlent the three phase primary voltage control
signal V3 includes three components V, . V, yand V_ ..
In an embodiment, each of the three components V, ., V,
and V_ . can be a pulse width modulation (PWM) signal.

Therefore, by using the three phase secondary voltage
control signal V3 to control the semiconductor switches in
the primary generator side converter 12C to be turned on or
turned ofl, the primary generator side converter 12C oper-
ates 1 erther a rectifying state, an inverting state or a
non-operation state.

It 1s noted that the primary generator side control module
11C and the secondary generator side control modules 11 A
and 11B can perform commumication by using various
possible forms signal transmission formats. The primary
generator side control module 11C delivers the second axis
general given current component 1 o norm* 10 the secondary
generator side control modules 11 A and 11B. The secondary
generator side control modules 11A and 11B deliver the
second axis secondary independent given currents 1, . to the
primary generator side control module 11C. In an embodi-
ment, the primary generator side control module 11C per-
forms addition operation on the second axis secondary
independent given currents 1, . delivered by the secondary
generator side control Inedules llA and 11B to generate the
total second axis secondary independent given current
21,
if_herefere, by using the method described above, the wind
power converter device 1 perform eflicient control on the
primary generator side converter 12C and the secondary
generator side converters 12A and 12B according to the
operation of the primary generator side control module 11C
and the secondary generator side control modules 11 A and
11B.

Reference 1s now made to FIG. 4. FIG. 4 1s a circuit
diagram of a wind power converter device 4 1n an embodi-
ment of the present disclosure. The wind power converter
device 4 1ncludes grid side converters 10A-10C, generator
side converters 12A-12C and a DC bus module. Similar to
the wind power converter device 1 illustrated 1n FIG. 1, the
orid side converters 10A-10C of the wind power converter
device 4 are connected 1n series and the generator side
converters 12A-12C are connected 1n series. Most of the
components included 1n the wind power converter device 4
are 1dentical to those included in the wind power converter
device 1. As a result, only the description of components 1n
the wind power converter device 4 that are different from
those 1n the wind power converter device 1 1s made.

In the present embodiment, the DC bus module includes
DC buses 400, 402, 404 and 406. The DC bus 400 1s
clectrically coupled to the first DC mput IN1 of the grid side
converter 10 A and the first DC output OUT1 of the generator
side converter 12A. The DC bus 402 1s electrically coupled
to the second DC imput IN2 of the grid side converter 10A
and the second DC output OUT2 of the generator side
converter 12A (which 1s equivalent to the first DC mput IN1
of the grid side converter 10B and the first DC output OUT1
of the generator side converter 12B).

The DC bus 404 1s electrically coupled to the second DC
input IN2 of the grid side converter 10B and the second DC
output OUT2 of the generator side converter 12B (which 1s
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equivalent to the first DC mput IN1 of the grid side converter

10C and the first DC output OUT1 of the generator side
converter 12C).

The DC bus 406 1s electrically coupled to the second DC
input IN2 of the grid side converter 10C and the second DC
output OUT2 of the generator side converter 12C.

The detail description of the control mechanism of the
generator side converters 12A-12C 1s 1llustrated in the
tollowing paragraphs.

The wind power converter device 4 further includes
generator side control modules 41A-41C each correspond-
ing to one of the generator side converters 12A-12C. The
generator side control modules 41A-41C generate three
phase voltage control signals V1-V3 according to three
phase input current amounts I1-I3 corresponding to the
generator side mputs O1-O3 of the corresponding generator
side converters 12A and 12C and the second axis general
given current component 1, ..+ In an embodiment, the
generator side control modules 41 A-41C 1nclude 1dentical
architecture. The detail description 1s made by using the
generator side control module 41 A as the example.

Reference 1s now made to FIG. 5. FIG. 5 1s a block
diagram of the generator side control module 41A 1n an
embodiment of the present disclosure. The generator side
control module 41 A 1ncludes a current retrieving unit 500, a
first converting unit 502, a first computing unit 504, a second
computing unit 506, a first current control unit 508, a second
current control unit 310 and a second converting unit 512.

The current retrieving umt 500 1s electrically coupled to
the generator side iputs O1-O3 of the generator side
converter 12A to retrieve the three phase mput current
amount I1. In an embodiment, the three phase mput current
amount 11 includes three components 1, ,, 1, , and 1 ..

The first converting unit 502 is configured to convert the
three components 1, ,, 1, , and 1. ; of the three phase input
current amount 11 to a first axis current component i, , and
a second axis current component i, ;. In an embodiment, the
first converting unit 302 includes a dqg rotation coordinate
that comprises a d axis and a g axis. The first axis current
component corresponds to the d axis of the dgq rotation
coordinate and the second axis current component 1, ,
corresponds to the g axis of the dqg rotation coordinate. In an
embodiment, the first axis current component 1s a reactive
current component and the second axis current component
1, ;18 an active current component.

The first computing unit 504 1s configured to perform
computation to generate a {irst axis diflerence 1, . ;according
to the first axis current component and a first axis indepen-
dent given current component 1 ..

The second computing unit 506 is configured to perform
computation to generate a second axis difference 1,
according to the second axis current component 1, ; and the
second axis general given current component 1, ... Inthe
present embodiment, the second axis general given current
component 1, ... 18 provided by an external control mod-
ule (not 1llustrated). The generator side control module 41A
can deliver the second axis general given current component
1, ,.orm+ Yeceived from the external control module to the
generator side control modules 41B and 41C. In the present
embodiment, the generator side control module 41A per-
forms communication with the generator side control mod-
ules 41B and 41C. In other embodiments, the second axis
general given current component 1, ...« can be received by
the generator side control module 41B or 41C from the
external control module and can be delivered to other

generator side control modules.
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The first current control unit 508 1s configured to generate
a first axis voltage control signal V , . according to the first
axis difference 1, ,. The second current control umt 310 1s
configured to generate a second axis voltage control signal
V_ ; according to the second axis difference 1, ,, The
second converting umt 512 1s configured to convert the first
axis voltage control signal V; ; and the second axis voltage
control signal V_ ; to the three phase voltage control signal
V1. In an embodiment, the three phase voltage control signal
V1 ncludes three components V,, ,, V, , and V_ ,. In an
embodiment, each of the three components V_ , Vb_, and
V. ; can be a pulse width modulation (PWM) signal.

Therefore, by using the three phase voltage control signal
V1 to control the semiconductor switches 1n the generator
side converter 12A to be turned on or turned ofl, the
secondary generator side converter 12A operates 1n either a
rectifying state, an inverting state or a non-operation state.
The wind power converter device 4 can perform eflicient
control on the generator side converters 12A-12C through
the generator side control modules 41A-41C by using the
method described above.

Reference 1s now made to FIG. 6. FIG. 6 1s a circuit
diagram of a wind power converter device 6 1n an embodi-
ment of the present disclosure. The wind power converter
device 6 includes grid side converters 10A-10B, generator
side converters 12A-12B and a DC bus module. Similar to
the wind power converter device 1 illustrated in FIG. 1, the
orid side converters 10A-10B of the wind power converter
device 6 are connected 1n series and the generator side
converters 12A-12B are connected 1n series. Most of the
components included 1n the wind power converter device 6
are 1dentical to those included in the wind power converter
device 1. The only difference 1s that both the number of the
orid side converters 10A-10B and the generator side con-
verters 12A-12B 1s two.

Most of the components included 1in the wind power
converter device 6 are 1dentical to those included 1n the wind
power converter device 1. The difference 1s that the DC bus
module further includes an intermediate DC bus electrically
coupled between the second DC input IN2 of the grid side
converter 10A and the second DC output OUT2 of the
generator side converter 12A.

It 1s noted that 1n addition to the examples that include the
or1d side converters and the generator side converters having
the number of three or two, the wind power converter device
may include more number of grid side converters and the
generator side converters 1n other embodiments and can
accomplish an eflicient control mechamism by using the
method described above.

Reference 1s now made to FIG. 7. FIG. 7 1s a circuit
diagram of a wind power converter device 7 1n an embodi-
ment of the present disclosure.

The architecture of the wind power converter device 7 1s
identical to that of the wind power converter device 6
illustrated 1n FIG. 6. The grid side converters 70A-70B
included in the wind power converter device 7 are connected
in series and the generator side converters 72A-72B
included 1n the wind power converter device 7 are connected
in series. The difference between the wind power converter
device 7 and the wind power converter device 6 1s that the
orid side converters 70A-70B and the generator side con-
verters 72A-72B included i the wind power converter
device 7 are three-level converters. The generator side
control modules 71A and 71B included 1n the wind power
converter device 7 can use the method described above to
control the generator side converters 72A-72B.
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Similarly, the architecture of the three-level converters
can be used 1n the wind power converter device 1 illustrated
in FIG. 1 as well.

Reference 1s now made to FIG. 8. FIG. 8 1s a circuit
diagram of a wind power converter device 8 1n an embodi-
ment of the present disclosure.

The wind power converter device 8 includes a gnid side
converter 80 A, generator side converters 82A-82B and a DC
bus module. The generator side converters 82A-82B are
connected 1n series. However, the grid side converter 80A 1n
the wind power converter device 8 1s a three-level converter.
The generator side converters 82A-82B are two-level con-
verters. The second DC output OUT2 of the generator side
converter 82A and the first DC output OUT1 of the generator
side converter 82B are coupled in series. In the present
embodiment, the DC bus module includes two DC buses 800
and 802 corresponding to the generator side converters 82A
and 82B and the grid side converter 80A. The DC bus 800
1s electrically coupled to the first DC output OUT1 of the
generator side converter 82A and the first DC mput IN1 of
the grid side converter 80A. The DC bus 802 1s electrically
coupled to the second DC output OUT2 of the generator side
converter 82B and the second DC input IN2 of the grid side
converter 80A. No DC bus 1s disposed between the second
DC output OUT2 of the generator side converter 82A and
the first DC output OUT1 of the generator side converter
82B and the mntermediate input INO of the grid side converter
80A. In the present embodiment, the generator side control
modules 81 A and 81B included in the wind power converter
device 8 can use the methods described 1n FIG. 2 and FIG.
3 to control the generator side converters 82A-82B.

In an embodiment, the DC bus module further include bus
capacitors C1-C4 each electrically coupled between the first
DC input IN1 and the intermediate input INO of the grid side
converter 80A, between the intermediate input INO and the
second DC imputs IN2 of the generator side converters 80A,
and between the first DC output OUT1 and the second DC
output OUT2 of the generator side converters 82A-82B to
support the voltages of these terminals.

In an embodiment, the wind power converter device 8
turther includes chopper circuits 83 A and 83B. The chopper
circuits 83 A and 83B are respectively disposed between the
two ends of the bus capacitor C3 and the two ends of the bus
capacitor C4 to perform a voltage balancing protection to the
generator side converters 82A-82B.

In an embodiment, the wind power converter device 1s
similar to the wind power converter device 8 illustrated 1n
FIG. 8 but includes the DC bus module that has the DC
buses 800, 801 and 802. The DC bus 800 1s electrically
coupled to the first DC mnput IN1 of the grid side converter
80A and the first DC output OUT1 of the generator side
converter 82A. The DC bus 801 1s electrically coupled to the
intermediate input INO of the grid side converter 80A and the
second DC output OUT2 of the generator side converter
82A. The DC bus 802 1s electrically coupled to the second
DC mput IN2 of the grid side converter 80A and the second
DC output OUT2 of the generator side converter 82B. The
generator side control modules 81 A and 81B included in the
wind power converter device 8 can use the method described
in FIG. 5 to control the generator side converters 82A-82B.

Similarly, such an asymmetrical architecture can be used
in the wind power converter device 1.

Reference 1s now made to FIG. 9. FIG. 9 1s a circuit
diagram of a wind power converter device 9 1n an embodi-
ment of the present disclosure.

The wind power converter device 9 includes grid side
converters 90A-90B, a generator side converter 92A and a
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DC bus module. The gnid side converters 90A-90B are
connected 1n series. However, the generator side converter
92A 1n the wind power converter device 9 1s a three-level
converter. The grid side converters 90A-90B are two-level
converters. In the present embodiment, the DC bus module
includes two DC buses 900 and 902 corresponding to the
orid side converters 90A-90B and the generator side con-
verter 92A. The DC bus 900 1s electrically coupled to the
first DC mput IN1 of the grid side converter 90A and the first
DC output OUT1 of the generator side converter 92A. The
DC bus 902 1s electrically coupled to the second DC 1nput
IN2 of the gnid side converter 90B and the second DC output
OUT2 of the generator side converter 92A. The DC bus 1s
not disposed between the second DC input IN2 of the gnd
side converter 90A and the first DC input IN1 of the grid side
converter 90B and the intermediate output OUTO0 of the
generator side converter 92A.

In an embodiment, the wind power converter device 1s
similar to the wind power converter device 9 illustrated 1n
FIG. 9 but includes the DC bus module that has the DC
buses 900, 901 and 902. The DC bus 900 1s electrically
coupled to the first DC 1nput IN1 of the grid side converter
90A and the first DC output OUT1 of the generator side
converter 92A. The DC bus 901 1s electrically coupled to the
second DC input IN2 of the grid side converter 90A and the
first DC mput IN1 of the grid side converter 90B and the
intermediate output OUTO0 of the generator side converter
92A. The DC bus 902 1s electrically coupled to the second
DC mput IN2 of the gnid side converter 90B and the second
DC output OUT2 of the generator side converter 92A.

In an embodiment, the DC bus module further include bus
capacitors C1-C4 each electrically coupled between the first
DC 1mput IN1 and the second DC input IN2 of the grid side
converter 90A, between the first DC input IN1 and the
second DC mput IN2 of the grid side converter 90B and
between the first DC output OUT1, the intermediate output
OUTO0 and the second DC output OUT2 of the generator side
converter 92A to support the voltages of these terminals.

In an embodiment, the wind power converter device 9
turther includes chopper circuits 93 A and 93B. The chopper
circuits 93 A and 93B are respectively disposed between the
two ends of the bus capacitor C3 and the two ends of the bus
capacitor C4 to perform a voltage balancing protection to the
generator side converter 92A.

Similarly, such an asymmetrical architecture can be used
in the wind power converter device 1.

Reference 1s now made to FIG. 10. FIG. 10 1s a circuit
diagram of a wind power converter device 10 1n an embodi-
ment of the present disclosure. The wind power converter
device 10 includes grid side converters 100A-100B, gen-
erator side converters 102A-102D and a DC bus module. In
an embodiment, the grid side converters 100A-100B are
three-level converters and include identical components.
The grid side converters 100A-100B are electrlcally coupled
to the grid 16 and are electrically coupled in series. The
second DC mput IN2 of the grid side converter 100A and the
first DC mput IN1 of the grid side converter 100B are
coupled 1n series.

In an embodiment, the generator side converters 102A-
102D 1include 1dentical components and are two-level con-
verters. The generator side converters 102A-102D are elec-
trically coupled to the generator device 18. Any two of the
neighboring generator side converters 102A-102D are
coupled 1n series through the first DC output OUT1 and the
second DC output OUT?2.

Take the generator side converters 102A and 102B as an
example, the second DC output OUT2 of the generator side
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converter 102A 1s coupled 1n series to the first DC output
OUT1 of the generator side converter 102B. Similarly, the
second DC output OUT2 of the generator side converter
102B 1s coupled 1n series to the first DC output OUT1 of the
generator side converter 102C. Similarly, the second DC
output OUT2 of the generator side converter 102C 1s
coupled 1n series to the first DC output OUT1 of the
generator side converter 102D.

The DC bus module includes DC buses 1000-1004. The
DC bus 1000 1s electrically coupled to the first DC mnput IN1
of the grid side converter 108A and the first DC output
OUT1 of the generator side converter 102A. The DC bus
1002 1s electrically coupled to the second DC mnput IN2 of
the grid side converter 100B and the second DC output
OUT2 of the generator side converter 102D. The DC bus
1001 1s electrically coupled to the intermediate input INO of
the grid side converter 100A and the first DC output OUT1
of the generator side converter 102B. The DC bus 1003 1s
clectrically coupled to the second DC mput IN2 of the grnid
side converter 100A and the second DC output OUT?2 of the
generator side converter 102B. The DC bus 1004 1s electr-
cally coupled to the intermediate mnput INO of the grid side
converter 100B and the first DC output OUT1 of the
generator side converter 102D.

Theretfore, the generator side control modules 101 A-101D
included 1n the wind power converter device 10 can use the
method described 1 FIG. 5 to control the generator side
converters 102A-102D.

In another embodiment, the DC bus module can only
include two DC buses 1000 and 1002 that correspond to the
orid side converters 100A and 100B and the generator side
converters 102A and 102D. The DC bus 1s not disposed
between the intermediate mput INO of the grid side con-
verter 100A and the first DC output OUT1 of the generator
side converter 102B, between the second DC mput IN2 of
the grid side converter 100A and the second DC output
OUT?2 of the generator side converter 102B and between the
intermediate input INO of the gnid side converter 100B and
the first DC output OUT1 of the generator side converter
102D.

The generator side control modules 101 A-101D included
in such a wind power converter device 10 can use the
methods described in FIG. 2 and FIG. 3 to control the
generator side converters 102A-102D.

In an embodiment, the DC bus module further includes
bus capacitors C1-C8 each electrically coupled between the
first DC mput IN1 and the mtermediate mput INO and
between the intermediate input INO and the second DC input
IN2 of the grid side converter 100A-100B and between the
first DC output OUT1 and the second DC output OUT2 of
the generator side converters 102A-102D to support the
voltages of these terminals.

In an embodiment, the wind power converter device 10
turther includes chopper circuits 103A-103D. The chopper
circuits 103 A-103D are respectively disposed between the
two ends of the bus capacitors C3, C4, C7 and C8 to perform
a voltage balancing protection to the generator side convert-
ers 102A-102D.

FIG. 11 1s a circuit diagram of a wind power converter
device 11 1n an embodiment of the present disclosure.

The wind power converter device 11 includes grid side
converters 110A-110D, generator side converters 112A-
112B and a DC bus module. In an embodiment, the grid side
converters 110A-110D include identical components and are
two-level converters. The grid side converters 110A-110D
are electrically coupled to the grid 16. Any two of the
neighboring grid side converters 110A-110D are coupled in
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series through the first DC mput IN1 and the second DC
input IN2. Take the grid side converters 110A and 110B as
an example, the second DC input IN2 of the grid side
converter 110A 1s coupled 1n series to the first DC input IN1
of the grid side converter 110B.

Similarly, the second DC input IN2 of the grid side
converter 110B 1s coupled 1n series to the first DC mput IN1
of the gnd side converter 110C. Similarly, the second DC
input IN2 of the grid side converter 110C 1s coupled 1n series
to the first DC mput IN1 of the grid side converter 110D.

In an embodiment, the generator side converters 112A-
112B 1include 1dentical components and are three-level con-
verters. The generator side converters 112A-112B are elec-
trically coupled to the generator device 18. The second DC
output OUT2 of the generator side converter 112A and the
first DC output OUT1 of the generator side converter 1126
are coupled 1n series.

The DC bus module includes DC buses 1100-1104. The
DC bus 1100 1s electrically coupled to the first DC mnput IN1
of the gnd side converter 110A and the first DC output
OUT1 of the generator side converter 112A. The DC bus
1102 1s electrically coupled to the second DC mput IN2 of
the grid side converter 110D and the second DC output
OUT2 of the generator side converter 112B. The DC bus
1101 1s electrically coupled to the intermediate output OUT0
of the generator side converter 112A and the first DC 1nput
IN1 of the gnid side converter 110B. The DC bus 1103 1is
clectrically coupled to the second DC output OUT2 of the
generator side converter 112A and the second DC input IN2
of the grid side converter 110B. The DC bus 1104 is
clectrically coupled to the intermediate output OUTO of the
generator side converter 112B and the first DC output OUT1
of the grid side converter 110D.

Therefore, the generator side control modules 111 A-111B
included 1n the wind power converter device 11 can use the
method described in FIG. 5 to control the generator side
converters 112A-112B.

In another embodiment, the DC bus module can only
include two DC buses 1100 and 1102 that correspond to the
or1id side converters 110A and 110D and the generator side
converters 112A and 112B. The DC bus 1s not disposed
between the intermediate output OUTO0 of the generator side
converter 112A and the first DC 1nput IN1 of the generator
side converter 110B, between the second DC output OUT2
of the generator side converter 112A and the second DC
input IN2 of the grid side converter 110B and between the
intermediate output OUTO of the generator side converter

112B and the first DC 1nput IN1 of the grid side converter
110D.

In an embodiment, the wind power converter device 11
turther includes chopper circuits 113A-113D. The chopper
circuits 113A-113D are respectively disposed between the
two ends of the bus capacitors C3, C4, C7 and C8 to perform
a voltage balancing protection to the generator side convert-
ers 112A-112B.

The generator side control modules 111 A-111B 1ncluded
in such a wind power converter device 11 can use the
methods described in FIG. 2 and FIG. 3 to control the
generator side converters 112A-112B.

Therefore, 1t 1s appreciated from the embodiments from
FIG. 6 to FI1G. 11 that the design of the wind power converter
device can be adjusted elastically according to the practical
demands and 1s not limited to a specific architecture.

FIG. 12 1s a circuit diagram of a converter device 12 1n an
embodiment of the present disclosure.

The architecture of the converter device 12 1s similar to
that of the wind power converter device 7. However, the first
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generator side converters 120A-120B included in the con-
verter device 12 are coupled 1n series and are coupled to a
motor device 124. The second generator side converters
122A-122B included 1n the converter device 12 are coupled
in series and are coupled to a generator device 126. The
converter device 12 1n the present embodiment 1s used 1n the
condition that the distance between the first generator side
converters and the second generator side converters 1s larger,
such as the converter series-parallel system used 1n the
propeller of the ships. Moreover, the converter device 12
includes the control modules 121A and 121B. The method
described 1n FIG. 5 can be used to control the second
generator side converters 122A-122B. Converter device
includes chopper circuits each 1s disposed between the two
ends of the bus capacitors of the first generator side con-
verters and the second generator side converters.

Although the present disclosure has been described 1n
considerable detail with reference to certain embodiments
thereol, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it 1s
intended that the present disclosure cover modifications and
variations of this disclosure provided they fall within the
scope of the following claims.

What 1s claimed 1s:

1. A wind power converter device comprising;:

a plurality of grid side converters each comprising a
plurality of grid side outputs electrically coupled to a
or1d, a first direct current (DC) mput and a second DC
input, wherein the second DC input of one of any two
of the neighboring grid side converters 1s coupled 1n
series to the first DC mput of another one of the two
neighboring grid side converters;

a plurality of generator side converters each comprising a
plurality of generator side mputs electrically coupled to
a generator device, a first DC output and a second DC
output, wherein the second DC output of one of any
two of the neighboring generator side converters is
coupled 1n series to the first DC output of another one
of the two neighboring generator side converters; and

a DC bus [module] circuit electrically coupled between
the grid side converters and the generator side convert-
ers,

wherein the grid side converters comprise a first grid side
converter, a second grid side converter and at least one
intermediate grid side converter, and the generator side
converters comprises a first generator side converter, a
second generator side converter and at least one 1nter-
mediate generator side converter;

the DC bus [module] circuit comprises a first DC bus and
a second DC bus, wherein the first DC bus 1s electri-
cally coupled between the first DC input of the first grid
side converter and the first DC output of the first
generator side converter, and the second DC bus 1is
clectrically coupled between the second DC input of
the second grid side converter and the second DC
output of the second generator side converter,

wherein the DC bus [module] circuit comprises a plurality
of DC buses each electrically coupled to the first DC
input of one of the corresponding grid side converters
and the first DC output of one of the corresponding
generator side converters and to the second DC mnput of
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one of the corresponding grid side converters and the
second DC output of one of the corresponding genera-
tor side converters,

wherein the wind power converter device further com-
prises a plurality of generator side control [modules]
circuits each to receive a three phase mput current
amount ol the generator side mputs of the generator
side converters and a second axis general given current
component to generate a three phase voltage control
signal accordingly to control the corresponding gen-
erator side converters,

wherein each of the generator side control [modules]
circuits COmprises:

a current retrieving [unit] circuit is configured to retrieve
the three phase mput current amount;

a first converting [unit] circuit is configured to convert the
three phase iput current amount to a first axis current
component and a second axis current component;

a first computing [unit] circuit is configured to perform
computation to generate a first axis diflerence accord-
ing to the first axis current component and a first axis
independent given current component;

a second computing [unit] circuit is configured to perform
computation to generate a second axis diflerence
according to the second axis current component and the
second axis general given current component;

a first current control Junit] circuit to generate a first axis
voltage control signal according to the first axis difler-
ence;

a second current control [unit] circuit to generate a second
ax1s voltage control signal according to the second axis
difference; and

a second converting [unit] circuit to convert the first axis
voltage control signal and the second axis voltage
control signal to the three phase voltage control signal.

2. The wind power converter device of claim 1, wherein
the DC bus [module] circuit comprises a plurality of bus
capacitors each electrically coupled between the first DC
input and the second DC mput of each of the grid side
converters and the first DC output and the second DC output
of each of the generator side converters.

3. The wind power converter device of claim 2, further
comprising a plurality of chopper circuits each electrically
coupled to two ends of each of the bus capacitors.

4. The wind power converter device of claim 1, wherein
the grid side outputs of the gnid side converters are coupled
to the grid through a [voltage] transformer.

5. The wind power converter device of claim 1, wherein
the generator device comprises a multiple groups of wind-
ings each electrically coupled to the generator side inputs of
the generator side converters.

[6. The wind power converter device of claim 1, wherein
the generator device 1s a permanent magnet synchronous
generator device, an excitation synchronous generator
device or an induction generator.]

[7. The wind power converter device of claim 1, wherein
the number of the generator side converters 1s the same as
the number of the grid side converters.]

8. The wind power converter device of claim 1, wherein
cach of the generator side converters 1s a two-level converter
and each of the grid side converters 1s a two-level converter;
or each of the generator side converters i1s a three-level
converter and each of the grid side converters is a three-level
converter.

9. The wind power converter device of claim 1, further
comprising a plurality of chopper circuit each electrically
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coupled to the first DC output and the second DC output of
the generator side converters.

10. A wind power converter device comprising.

a plurality of grid side converters comprising a first grid
side converter and a second grid side converter, each
one of the grid side converters comprising a plurality
of grid side outputs electrically coupled to a grid, a first
dirvect currvent (DC) input and a second DC input,
wherein the second DC input of the first grid side

5

converter is electrically coupled to the first DC input of 10

the second grid side converter,

a plurality of generator side converters comprising a first
generator side converter and a second generator side
converter, each one of the generator side converters
comprising a plurality of generator side inputs electri-
cally coupled to a generator device, a first DC output
and a second DC output, wherein the second DC output
of the first generator side converter is electrically
coupled to the first DC output of the second generator
side converter; and

a set of DC buses comprising a first DC bus, an inter-
mediate DC bus and a second DC bus,

wherein the first DC bus is electrically coupled between
the first DC input of the first grid side converter and the
first DC output of the first generator side converter, the
intermediate DC bus is electrically coupled between
the second DC input of the first grid side converter and
the second DC output of the first generator side con-
verter and the second DC bus is electrically coupled
between the second DC input of the second grid side
converter and the second DC output of the second
generator side converter,

whevrein the first grid side converter is coupled in series
to the second grid side converter; and

the first genervator side converter is coupled in series to
the second genervator side converter.

11. The wind power converter device of claim 10, wherein
the second DC output of the first generator side converter is
coupled in series to the first DC output of the first generator
side converter through one or morve first bus capacitors; and

the second DC input of the second grid side converter is
coupled in series to the first DC input of the second grid
side converter through one or more second bus capaci-
[OFs.

12. The wind power converter device of claim 10, wherein
the generator device comprises multiple groups of windings

each electrically coupled to the gemerator side inputs of

corresponding one of the generator side converters.
13. The wind power converter device of claim 10, wherein
the plurality of genervator-side converters are arranged

located on a top part of a tower, and the plurality of

grid-side converters ave arranged on a bottom part of the
tower or outside the tower.
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14. The wind power converter device of claim 13, further
comprising a plurality of chopper circuit each electrically
coupled to the first DC output and the second DC output of
corresponding one of the generator side converters.

15. The wind power converter device of claim 10, further
comprising a plurality of genervator side control circuits
comprising a [first generator side control circuit and a
second generator side control circuit, wherein the first
generator side control circuit is configuved to receive a
control command from an external controller and control the
fivst generator side converter, and the second generator side
control circuit is configured to veceive the control command
from the first genervator side control civcuit and control the
second genervator side converter.

16. The wind power converter device of claim 15, wherein
each of the generator side control circuits receives an
electrical signal of the corresponding generator side con-
verter and the control command to generate a control signal
accordingly to control the operation state of the correspond-
ing generator side converter.

17. The wind power converter device of claim 16, wherein
the electrical signal of the corresponding genervator side
converter is a three phase input current amount of the
generator side inputs, the control command is a second axis
general given current component, and the control signal is
a three phase voltage control signal.

18. The wind power converter device of claim 15, wherein
each of the generator side control circuits comprises:

a current retrieving circuit is configured to retrvieve the

three phase input current amount;

a first converting circuit is configured to convert the three
phase input curvent amount to a first axis current
component and a second axis curvent component;

a first computing circuit is configured to perform compu-
tation to generate a first axis difference accorvding to the
first axis curvent component and a first axis indepen-
dent given current component;

a second computing circuit is configured to perform
computation to generate a second axis difference
according to the second axis current component and
the second axis general given current component,

a first curvent contvol circuit to gemnerate a first axis
voltage control signal according to the first axis dif-
Jerence;

a second current control circuit to generate a second axis
voltage control signal according to the second axis

difference; and

a second comnverting circuit to convert the first axis
voltage control signal and the second axis voltage
control signal to the three phase voltage control signal.

G o e = x
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