a2 United States Patent

Forouzesh et al.

US011451139B2

US 11,451,139 B2
Sep. 20, 2022

(10) Patent No.:
45) Date of Patent:

&4) THREEPHASFSINGLFSTAGE

(50 References Cited

———

il | rﬁﬂ=

WITH POWER FACTOR CORRECTION
(71) Applicants:Queen’s University at Kingston,

Kingston (CA); Ganpower
International Inc., Vancouver (CA)

(e s o irE=Wo it b2 Horgugagh Firaston ((24Y

U.S. PATENT DOCUMENTS

10,686,385 B2
2003/0151935 Al*

6/2020 Brown et al.
8/2003 Lubomirsky ........... HO2M 7/10
363/125

(Continued)

——— =S8 RERWFIY R L] R U )

Kingston (CA)
(73) Assignees: Queen’s University at Kingston,
Kingston (CA); Ganpower

International Inc., Vancouver (CA)

(*) Notice: Subject to any disclaimer, the term of this

{‘l Wﬂ‘i‘ri&gﬁgm Ei q_ulfti!:mrlm- 28

CN 201830155 U * 5/2011
CN 102447404 A * 5/2012
(Continued)

OTHER PUBLICATIONS

Jauch, F., et al., “Combined Phase-Shift and Frequency Modulation

oL TS At LS W= e A TIPS et at o)

“#

-

U.S.C. 154(b) by 296 days.
(21) Appl. No.: 16/744,166
(22) Filed: Jan. 15, 2020

(65) Prior Publication Data
US 2020/0235656 Al Jul. 23, 2020

Transactions on Power Electronics, vol. 31, No. 12, pp. 8387-8397,
(2016).
(Continued)

Primary Examiner — Brian Ngo
(74) Attorney, Agent, or Firm — Stephen J. Scribner



US 11,451,139 B2

Page 2
(51) Imt. ClL 2021/0399624 A1* 12/2021 Brown ................ H02J 7/02
HO2M 1/08 (2006.01)
H02J 7/02 (2016.01) FOREIGN PATENT DOCUMENTS
HO02M 3/00 (2006.01)
HO2M 3/335 (2006.01) CN 102201750 B * 10/2014
B60L 53/00 (2019.01) CN 105305842 A * 2/2016
WO WO-2018109103 Al * 6/2018 ......... B60L 53/20
HO2M 1/00 (2006.01) ] N
(52) US. Cl WO WO0-2020089739 Al * 2/2020
CPC ... HO2M 3/33573 (2021.05); B60L 53/00

(2019.02); B6OL 2210/30 (2013.01); HO2J
2207/20 (2020.01); HO2M 1/0009 (2021.05);
HO2M 1/0058 (2021.05)

(56) References Cited
U.S. PATENT DOCUMENTS

2007/0051712 Al1* 3/2007 Kooken ... B23K 9/1043
219/130.1
2012/0120697 Al*  5/2012 Cuk ..o HO2M 1/4258
363/126
2015/0014290 Al* 1/2015 Kooken ............ B23K 9/173
219/130.1

OTHER PUBLICATIONS

Kamnarn, U, et al., “Analysis and Design of a Modular Three-
Phase AC-to-DC Converter Using CUK Rectifier Module With
Nearly Unity Power Factor and Fast Dynamic Response”. IEEE
Transactions on Power Electronics, vol. 24, No. 8, pp. 2000-2012,
(2009).

Zhang, J., et al., “A Dual Active Bridge DC-DC-Based Single Stage
AC-DC Converter With Seamless Mode Transition and High Power
Factor”, IEEE Transactions on Industrial Electronics, vol. 69. No. 2,
pp. 1411-1421, (2022).

* cited by examiner



U.S. Patent Sep. 20, 2022 Sheet 1 of 10 US 11,451,139 B2

Eat & b W o

) : B . 1
— >

e
e i~
¢ s e

1
- S .
a
- I
s







U.S. Patent Sep. 20, 2022 Sheet 3 of 10 US 11,451,139 B2
30b
goTImmmmmmmmmmmnmmammmmmammmam- ‘J'{::"‘\
_ — _LLA gq_ﬂ‘:}_l Sa_e‘“}l T n 1 — ! — Vzrg A ’ _




U.S. Patent Sep. 20, 2022 Sheet 4 of 10 US 11,451,139 B2
















ISP aeM——s 90 107 syeng 15639 U 11 452 130 R

o

I

= S NETTaEInVe I
¥ e, O T R I A ——

7y L ——————— L 3 3 Lige 1T N, . .
e Co A LIRS o U U

MEl biiN O PTh 2= g -

VoY eR VR







US 11,451,139 B2
1 2

[ PITACT QINOT I OTA T Anitalala rﬁl_h;ﬁh rrvan conlantiora nnd fraresiys s

SOFT-SWITCHING AC-DC CONVERTER phase systems are not desirable because of the higher cost of
WITH POWER FACTOR CORRECTION implementation.
RELATED APPLICATION 5 SUMMARY

This application claims the benefit of U.S. provisional According to one aspect of the invention there is provided

application 62/795,375 filed on Jan. 22, 2019, the contents a t(lilriﬁfp;la,se ‘A;C{DC,COIHV?III?’ comprt‘i.sinlg: ﬁrst,. Secg?(i’
 which : ted herein b f i thei and third input terminals that respectively receive first,
Znti:::t;c are ificorporaied fierelll by reference 1 Telt second, and third AC voltage phases of a three-wire three-

phase AC input voltage; first, second, and third rectifier
AL i @RIt T g e e e

This invention relates generally to AC-DC power con- input terminals, and respectively produce first, second, and

. IR -ﬂ’“”lLQQJ]L l(‘ anlfpoes first second_and thied sinvle-smgf







US 11,451,139 B2

Cim me et e daa a, o
%




US 11,451,139 B2

7 8

InAvp.isthepunsrationf the yrapsformerand is defined . __(2) as.f =139.0 kHz_Eor BEC npfrﬁti'onJhP 9‘35”—“3%2

—
; = - T il i — — (
T =
o T - = I

fnjgf,. In PFC operation the instantaneous output power of set slightly high than f. to ensure output voltage regulation
e T Y 1 1 - 1 - a_ 1 A, -

bl et .
t— £




US 11,451,139 B2

9 10
fively) poesidering 380x 1 ? Y. R MS threpcnbasa voltace u&wm-ﬁmmwam three-nhase.

—— 11 1 - - o _non - 4 1 A o

output diodes (D,-D;,). 2018, pp. 60-67.
5 [13] Y. K. E. Ho, S. Y. R. Hui and Yim-Shu Lee, Charac-
EQUIVALENTS terization of single-stage three-phase power-factor-cor-
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3. The three-phase AC-DC converter of claim 1, further first, second, and third input DC voltages and respec-
comprising first, second, and third input filters connected tively produce first, second, and third output DC volt-
between the first, second, and third input terminals and the ages;

first, second, and third rectifier circuits. connecting Fhe first, second, and third output DC voltages
rnf]/\av innnenllnl tnnenduan g finnl Aptnat sinltacna:
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