wo 2013/176655 A 1[I N0F V000000 O 00 O

(43) International Publication Date
28 November 2013 (28.11.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2013/176655 Al

(51

eay)

(22)

(25)
(26)
1

(72)
(73)

74

31

International Patent Classification:
H02J 9/06 (2006.01) HO2M 3/155 (2006.01)

International Application Number:
PCT/US2012/038997

International Filing Date:
22 May 2012 (22.05.2012)

English
English

Filing Language:
Publication Language:

Applicant (for all designated States except US): HEW-
LETT-PACKARD DEVELOPMENT COMPANY, L.P.
[US/US]; 11445 Compaq Center Drive W., Houston, Texas
77070 (US).

Inventors; and

Inventors/Applicants (for US only): HUMPHREY,
Daniel [US/US]; 11445 Compaq Center Dr W, Houston,
Texas 77070 (US). BEMAT, Mohamed Amin [IN/US];
11445 Compaq Center Dr W, Houston, Texas 77070 (US).

Agents: PINKSTON, Caroline S. et al.; Hewlett-Packard
Comapny, Intellectual Property Administration, 3404 East
Harmony Road Mail Stop 35, Fort Collins, Colorado
80528 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: ALTERNATING POWER SOURCES TO MANAGE INPUT POWER IN A CONVERTER

FIG. 1

&

= SYSIEM

W,

FIRST POWER FIRET

SUURCE

SACHES

PLURALITY OF

SECOND POWER
SOURCE

116 ..,

(57) Abstract: Examples disclose a system with a first converter input to receive a first input power from a first power source and a
second converter input to receive a second input power from a second power source. Further, the examples provide the system with a
converter to provide isolation between the first and second power input by a first plurality of switches and a second plurality of
switches. Additionally, the examples also disclose a controller to manage the first and the second power input by alternating between
the first power source and the second power source based on the first and the second plurality of switches.
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ALTERNATING POWER SBOURCES TO MANAGE INPUT POWER N A CONVERTER

BACKGROUND
{0001]  As lechnology increases, there & & greater dependence on providing reliability
within 8 powsr supply system. Utllizing redundard power sources within the powsr
aystem increases e relialilily by providing another source of power when the oyt power
source falls. This protects computers and systerms when an unexpsected power disruption

soours potentially causing inluvies, datz loss andfor business disruption,

Brizr DESCRIFTION UF THE DRAWINGS
{00021 In the sccompanying drawings, ke nurnerals refer o ie components or blocks,
Th@:’ Howing detalied description refersnces the drawings, wherely
00031 HIG 1 is a block diagram of an example system including a frst and 2 sscond
power sowrce with inpid fo 8 convedar and & controller o allernale between a Sst and 8
sacond inpu power,
{D004]  FIG 2 is 2 block disgram of an sample system including & fst and 8 second
power solrce conngctad o 8 first and 3 sucond souros modide o supply & st and &
sgoand inpul power {0 & conwlyy and 8 controdler to allemate between the first and
second inpul power based o the first and sscond plurality of swilches;
{0008

and 3 sscond power source by controliing a first and a second phualily of swilches within g

FIG. 3 8 a biogk diagram of an exanple contioller tv allemale belween a firgd

$cnnndh

canvartar and to measurg an oulput voltage from the converter,

00GE]  FiG 44 & a diagram of gn sxamdle converter with a first and 3 second sowrse

o generate an oulpid vollage across 8 ransfonmer by switching bebween a fist and &
secand pluraity of switches, and a pluraiily of diodes to balanee o the ansformer;

DO07T FIG. 4B s a disgram of an exampls converter with 2 first and a second soures

o gonerate an oulpld vollage across a transformer by swilching Detween g fust and &

second plurality of switches, and & pluralily of additional switches o bhalance o the

008 PG AC s & dagram of an sxample corwverter with a first and a second souroe
o generale an oulpwt voltage across a tansformer by swilching betweern g first and &
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second phurality of switches, and g pluraily of capaciiors fo halance o the tansformer;
angd

Q008 FIG. % is g Rowehart of an example method performad on a compiting device to
racgive inpul power and altemate the inpul power bebween a frs! and second powsy

SCUCE,

DETALED DESCRIFTION

[B0101 By providing a redundant power supply, systoms prepare for a powsr fallurs
situation. One solution provides redundant powsr sources and redundant converlers. In
this solution, the redundant power sources sachy ulifizs & redundant convister {o recelve
powsy fromn the respective power source 1o provide & load.  This solution is neliclent and

& costs.  For sxample, the redundant powsr sources may inlerfers with one
anoliwy diminishing the power densily of the systam. As g further exampie, the use of
rechindant converters inorasses the size of the system.
0011 In another solution, redundant power supplies ulifize the same conwverter. This
sofution Uses fwo power sources o share a converter by both providing power (o the load.
Howeaver, this solulion provides no isolation betwesn the power sources, and thus may
cause @ powsr supply fallure from one power source o the other power source, For
example, currant may leak from one powser sowes o ancther causing e power suppites
fo cease funclioning. Further, Hhis solition may include multiple fransformar windings for
asach power source. This reduces the power densly and sfficiency as sach winding may
suffer indluctancs leakags.
D013 To address these issuss, example smbodimenis disclosed harsin provide &
system with & frst converter nput to recelve a st input power from g first power ssures
and 3 second converter inpud 1o recshve & second input power from a second poway
source,  Further, the system includes a converler to provide isolation batwesn the first
input power and the sscond input power tirough & first and a second plurality of swilches.
Providing isolation batween the first and second powsy Inpw, obstrucks a paith of ourrent o
fow betwesn the first and second powsr sowees. This incregses oliabifity of the

radundant powar system by preventing current leakage from one powsr source to ancther.
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0013

input power by allernating belween the

Loy

Additionally, the system provides a controfler o manage the fisst and the sscend
first and the second power source based on the
first and second pluralily of switches witlin the converter, Allemnating bebwaen the frst and
the second power sourcs enables the power sources o operate independantly. Further,
altemating betwesn power sourses albo minimizes the nesd for a redundant conwverter as
{ enables the power spurces {0 share the converler, Further siill, altemating helween the
power sources while sharing the converter maintains efficiency, power densily, and also
reducas the size of the syslem. For example, reliability & increased by greventing &
system falure when ong of the power sources sxperiences a fallurg, then the system can
sXaw power ¢ the non-faulied power source,
{0014]  In another embodiment, s firs! souwrce module and a second souros moduls
conditions sach power received from the fivst power soures and the second power souros
o resull i the Srstinput power and the second input power, respectively,  Conditioring
sach npul power enables the first power source and the sacond power soures o provide
power andior frequency at different levels. This enables the systam {o oporate effickntly
aven hough sach powar sowrce may have mismalching characteristics,
G018 in & fhurther armbodimant, the fivst and the second plivsiity of swilches are sach
in series with a ransformer (o divect current through the ransformer, ssulling in 8 voltage
on g bad, Addiionally, in this embodiment, the first converler hipit and the second
corpearter input inclde at least one of @ plurality of dindes, plurality of addifional switches,
and phially of capaciors o divect the current tyough the transformer o balance the
fransforme . In this embodiment, the power sources share the ransformer winding in the
convariar providing sdditional lsolation belwean the converter and the koad. Further in this
gmbodiment, onos transfering snergy o power the load, the fransformer & balanced
ansuring the converter cperales without! saturstion andior breakdown of the ransfanmer.
018 In sutimary, example embodiments disclosed hersin provide a ssdundant
DOWET Source system mmzng & converter o provide isolation belween the power solvces
I increase refiabiity. Thin siso ensbles the powsr sources 1o opersle independently of
one another, Adoitionally, example embaodimenis maintain efficiency and power density

while regucing the size of the power source system,
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QU7 Refering now to the drawings, FIG. 1 s 2 block diagram of an example syslem
100 including a fist power sowes 102 and 2 second power source 114 o franemil a first
nput powsy 104 and second inpul power 112 {0 ¢ corwerler 108, Additionally, the system
100 includes a conlrolier 118 v manage the first and the second power input 104 and 112,
respectively, by allemaling between the firs! power source 102 and the second power
sourca 114 based on a st plurality of swilches 108 and 2 second plurality of switches
110, The systarn 100 supports & redundant powsy sysien with the first power sourees 108,
the sacond power source 114, and the converter 106 o provide 3 oad,  Embodiments of
the gystem 100 nclude a compuding devics, server, of any other compuling sysiem
suftalile o support the firat power source 102 and the sscond power sourne 114 and to

vrovide the fnad,

gmnag,

00181 The sl power sowres 102 s a dovice Hhal supplies sleclrical power o the
aystem 100 {0 power the load. Specifically, the frst powsr source 102 provides the fist
nput power 104 1o the converter 108, In one embodimen, the first power source Y02 may
be extomal o the system 100 witle iy anothsy ombodiment, the first power source 1Y
may be intemal fo the sysiam 100, In a further embodiment, the first power sowrse 108
operates independently of the second power sowrce 114, In this embodimend, the
converter recelves input power from either the first power source 102 or the second powsy
source 114 {Le., not simulianeously).  In angther embodiment, the controlier 118 may
detect & faull at either the first power sowrce 102 or the second powsr spurce 114 and
skews the nput power 104 or 112 received at the converter 106 {o either the Sret power
sowrce 102 or the second powsr sowes 114 (e, the nondoulted powsr source).
Embadiments of the frst power spurce 102 inchale 8 power supply, energy sltorage,
battory, fust cell, generator, allemator, solar power, eleckromechanical supply, or other
power supply capable of providing the first input powear 104 10 the converter 108,
IO018] The first input power 104 s the power as transmitted by the frst power sowros

102 and recelvad by the comverier 108 at the fisst converter inpul. The st inputl power

s,
s

04 iz the slectrics! energy provided from the fisst power source 102 and recaived at the
converter 108 and as such, embodiments of the St inpul power 104 include murent,
yollage, sleclical charge, or other hype of slectical energy provided by the first power

source 12
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GOZ28]  The second power sowrce 114 ransmits olectrical ensrgy (e, the second inpg

5

power o the converder 108, The second power sourcs 114 may be similar i strusturs
and funclionality o the first power scurce 102 and as such, embadiments of the second
power sowrce 114 include a power supply, energy storags, battery, fusl cell, generator,
alfernator, solar power, slectromechanical supply, o other power supply capable of
proviging the secand inpul powsr 112 {o the converter 108, In another embodiment, the
sacond powsy source 114 may be a differen ;iy'gsa of power source from the first power
soures 104, For example, the second powsr sowrce 114 may include & hattery and the
firs! power source 102 mgy clude a generator. I this embodiment, the fisst power
sourcs 102 angd the second powsy souros 114 may be Gifferent types of powsy sourges, in
another ambodimeany, the Hist powsr source 102 and the second power sauwres 114 may
provide different power andfor frequenay levals, In this embaodiment, a first and a second
source modide gre each connegted between the power sources 102 and 114 o the
converter 108, This embodiment is expiained in Gelall in the next figlvs

{00211 The second input power 112 is the power as ransmitied by the second power
source 114 and received by the converter 108 al the second converter Inpul. The second
comvarfer inpid s considerad a different input from the fired corwerter input as indicated
with the wo lines fom the first power source 102 and the second power source 114
providing two different input powers {lLe., the first input power 104 and the second input
oower 112} o the first converter inpud and the second converter inpul. The second i
powar 112 may be similar in funclionalily and struclure o the fisst input power 104 gmﬁ as
such arbodiments include curvent, vollags, electical chargs, or other lype of gleg
srergy provided by the second power sowree 114,

{00221 The conirofler 118 manages the first input power 104 and the second put

,«aﬂ

power 112 a8 indicated with comnnecting lines fom the controfler 118 {o sach of the input
powers 104 apd 112 Additionally, the controlier 118 allemates balweean the first power
source 102 and the sscond power source 114 based on the first phralily of switches 108
and the second plurality of swilches 110 in the converter 108, The controfler 118 ransmils
a signal {o the converder 108 1o the first pluralty of swiiches 108 and the sscond plurality of
swilches 110 {o open or close. i this embodimend, the confroller 116 altematss behysen
the first power sowese 02 and the secongd power source 114 50 he converier receives
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N powsy from either the first power source 102 or the second power 114, but not both
simultanecusty. i a further embodiment, e controfler 118 includes 2 Srst channal and 8
second channe! commecting the condroliar 118 1o the convertar 108 and the power sauroes
102 and 114, This embodiment s depicted in detad In fatey figires. Embodiments of the
controfler 118 Include a processor, cirowit logic, 8 set of nstructions executable by @
processar, 8 mkorochip, chipsel, electronic circull, microprocssser.  semicondusior,

ﬁ

nicrocaenttolier, cendral processing unlt (CPU), grophios processing uni {GRUL, visual
processing unit (YPUY, or other devics capable of managing the fst ipud powsy 104 an
the gecond input powear 112 by alternating belween the first power sourcs 102 and the
second power sawes 114,
[O023] The converter 106 s an slectrical device that receives the Sest input power 104
at the firs! comvader npt and the second inpid powsy 112 al the sscond converter pul,
Additionally, the converter 108 includes the st plurality of swilches 108 and the second
plurality of swilcheas 110 0 receive he signal Trom the controliler 118 {o manage the st
input poweer 104 and the second nput power 112 so power is provided by either the first
powar soirce 102 or the second power source 114 In one embodiment, the converler
108 Inpludes 8 fransformer in sardes with sach of the first and the second plurality «f
switches 108 and 11 In ancther smbodimerd, the converier 108 cludes the
fransformer© o share between the first and the second nput powsy 104 and 112 {o achisve
an odput vollags soross the tramsformen. I g further embodiment, the converler 108
includes al ioast ong of a pluralily of dicdes, & plurality of additonal swilchss, and a
pluralily of capaciiors o dirsct cwrent through the bansformer.  Yel, it a further
embodiment, the converter 108 includes & configivation of at bast @ fullbndge o
convarter, & hal-hridge type converler, andior 3 phaallly of tansistors converter. These
ambodimants asre descrbed in deltall in later fgures. Dmbodimentis of the comnverier 108
molude & vollage converter, slactronic converter, or other fyps of converter sulfable of
including the fvst and the second pluralily of swilches 108 and 110 and capable of
racaiving the Sl and the second power input 104 ang 12

cssrs

{G034]  The firsl plurality of swilches 108 are slecirical devices that provide isolation
i SN

vetween the st inpud power 104 and the second i power 112, In this embodiment,

the first and the second nput powesr 104 and T2 are isolated which atso provides olation
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between the frst and the second power source 102 and 114 The isolation prevents
current leakage from the st powsr sowres 102 1o the sepond power source 114 and vice
versa through & contection path behween the first and the second power soiwrces 102 and

ure onge the

voh

T34 The isclation pravents the first power source 108 from suffering a &
second power source 114 has sulfered g failure and vice versa, Embodiments of the first
plurality of switches 108 include swilches, transistors, or alher yps of slectrca! devicss o
provide isotation from the ficst powsr source 102 ¢ the rest of the system {00

100258 The second plisslily of swifches 110 provides isolation from the second power
sourne 114 o the rest of the system 100, The second phralily of swilchas 110 may e
similar it funclionality and stiiiclive o the fisst plurality of swilches 108 and as such,
gmbodiments of the sscond plurality of switchss 110 includs swilches, ransistorg, or other
algctiical devices o provide solation from the second powsr sawsce 114 o the rest of the
sysiem 100

0028] FiG 2 is g block diagram of an axampis system 200 including a first and second

power sourcs 202 and 214 o ransmit powsr o & first and 3 sscond source module 218

and 220, The first and the sscond sowrecs module 218 and 220 ransmit & fust and &

sacond nput power 204 and 212 o & converter 208, The converter 206 hchudes a first
.

o

%3
£3.
@

& second plurality of switches 208 and 210 i slfermate betwaen the inpul powers 204
212 a3 managed by a controlier 218, The system 200 may be similar in structure and

o3

an
funclionghity o the system 100 as Y FiG, 1.

{00271 The first powsr sowree 202 connects fo the first source maodule 218 {o provide
fhe first input powsr 204, The first source module 218 conditions the powsy from the first
powsy source 202 to produce the first inpud power 204, The first power source 202 may
be simifar iy struchrs and funclionalfly to the first power souree 108 as M FIG L

00281 The st sowes modide 218 receives power from the Rrsl power soice 202 o
canglifion the power resulling i the frst input power 204, iy this smbodiment, the powsy
from the first power source 208 s condiioned to the frstinpud power 204 for the convetier
208 1o acoept. For example, the converter 206 may be rated for 380 Voils DU, while the
first power source may provide 220 Volls al 50 He, thus the first source modide 218
condifions the 220 Voits af 50 Mz, to resull in the first input power 204 of a raling 380 Voils
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|

iy

O, This enables the firs! power sotrce 202 and the second power source 214 1o provide

powsr andior frequeney at diferent lovels as the first source module 218 and the second
sowrce modile 220 will condition andéor shape power {o an acceptable rating according o
the converfer 208, Embodiments of the first sowce moduls 218 include a powser faclor
carrecting module, & power rectifier, clrault logie, DO o DO converter maodula, or other
souree modide o condition the power from the Srst power source J02 1o result in the firsd
inpul power 204,

{0028 The fist input power 204 s the resulling power condiionsd by {he firs! sowree
modute 218 1o provids o the converder 208 v & sl converter inpul. The st inpyl
poway 204 may be similay in stricturg and funclionality of the first inpud powsr 14 as in

FiG. 1.
D030 The second power sowce 244 ransmils powsr (o the second sourge modiie

220, The second power source 214 may be similar in struclure and funclionality of the
second powsr souwres Tid as in FIG 1L

03N The second sourcs module 220 receives power from the secomd power
source 214 and conditions the powser o resul! in the second input power 212, The
secand source madule 220 may be similar in functionalily and struclire o the Wiy
souros module 218 and as such, ambodiments of the first source module 220 inclde a
power factor correcting module, 8 power rectifier, ciroull fogie, DC fo DO converter module,
oy other sowrce module to condition the power from the second powsy souros $14 1o resul
in the seconsd input power 212

(00321 The second nput powsr 312 Is the resulling power as conditioned by the
second sowree modide 220 for e converter 208 to recelve at 8 second convarter input,
The second npud powsy 212 may be similar iy funclionalily and structure {0 the second
pu power 112 of FIGL 1

[G0231  The comerter 208 includes the first plurality of switches 208 and the sacond
plurality of switches 210, The converter 208, the first plurality of switches 208, and the
secari! plurality of swilches 210 may bDe simidlyr i funclionsiity and structive of the
converter 108, the firsl pweality of awilches 108, and the second pluralty of swilches
1

10 of FIG. 1.
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Q0381 The controlier 218 tranamits a signal o the copvertar 208 fo swilch batween

-y,

the first and the second plurality of swilches 208 and 210, thus alternating the powey
repaived by the converer 208 belween the first powsr source 208 and the second

¥

power source 214, The confroller 216 may be similar in functionality and structure of

72

the controfler 118 of FIG. 1

[O035]  FIG. 3 v & block diagram of an sxample sontralier 318 o alternate bebween a
frst power souwrce 302 and a sscond power source 314 by controlling & first plurality of
switches 308 and a second plivally of switches 310 within @ converter 308 and o
maintain an culput vollage 324 from the converter 300 by measwring he outpud vollags
324, The firs! power source 302, the sl input power 304, the second powsy sswrce 314,
and the sacond input power 312 may he similar in struchive and funclonality o the first
power source 102 and 202; the first input power 104 and 204 the second power source
114 and 214; and the second input power 112 and 212 as in FIGS, -2,

IG038]  The converter 2086 includes the first plurality and the second plurality of switches
308 and 310 and provices the oulpud voltage 324, The converter 308, the first plurasity of
switches 308, and the second pluralily of swilches may be siwilay It shuchure and
functionality 1o the converter 108 and 208; the first plurality of swilches 108 and 208, and
the second phgality of switches 110 and 210 as I FIGS -2,

[O037)  The controfler 318 includes the management modude 328, the first channet 328,

£l

2

and the sscond channet 330 o manags the first and the second input power 304 and 318
by ransmitling a signal through the channels 328 and 330 {o the converier 308 {o olose of
opert the first and the second plurality of switches 308 and 310 iy ancther embodiment,
the controller 318 mainlaing the oulput vollage 324 by measwring this vollage 384
Further, In this smbodiment, the controller 316 misasurss the output voltage 324 by a
sensor and determines ¥ the output vallage 324 is high oy low and swilches ather the first
input powsy 304 or the second npdl power 312 on of o with the st andd fhe sscand
pluralily of switches 308 and 310

{0038 The first channe! 338 comnacts the controlier 318 o first powsy sowres 302

and 1o the converter 300 atl the first converter inpul. The fivst channel 348 controls the
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first phus s&y of switches 308 by ransmitting signals to the converter 308 o apen andiar
close the first plurality of switches 308

100381 "%‘;e second channal 330 connedcts the controller 318 (o the second power
source 314 and fo the converder 308 at the second converdsr input.  The second
channel 330 controls the second plurality of swifches 310 by tranamitting signals to the
corverier 388 o open andior close the second plurality of switches 310,

0043 The management module 328 mansges the St npwd power 304 and the
second inpul power 312 by altemsting babwesn the s power sawrce 308 aw the second
power sowrce 314 based on the st and the ssoond plurslity of swilches 308 ang 310
within the converter 308, The &St and the second pluradity of switches 308 and 310
provide solalion between the power sources 302 and 3 I prevent currerd leakags
pebyvpen these sowrces 302 and 314, Preventing cwrrent leakage bebwaen the fest and
the second power sources 302 and 314 provides additional reliability so T one of the power
sournes S02 and 314 s experiencing 2 fault, { will not affect the nonfaulled sowces 302
and 314, Embodiments of the managemen! module 328 Include cirowt logie, a sat of

Portd
ff’!?:

structions execilable by a procsssor 1o manage the first and the second input power 304

30411 The oulput vollage 324 from the converler 308 s measured by the contradisr
318, In one embodiment, the culput voltage 3234 may alsae be a oircult load, The confralier
18 may measwre the output voltage 324 using & sensor, oircull logie, volirneler, voltags

divicher, or other device andior techniue capable of measwring the culpit voltags 324,

GS«@E} FHZ. 44 is 2 diagram of an example converier 408 with & first and second power

sreven

A

ouree A08 and 410 {0 oreate an oulput vollage across a tansfommer 71 by swilching

Lo

butween & fis plisslity of switches 81-82, a second pluralily of swilches 5354, & first

%)

plivality of dlodes D102, and 2 second phuality of diodes DI04 o balance the

fransformer 71, The comnverter 2006 may De simflar it struclive and functionsiity o the
converter 106, 208, and 308 as In FIGS. 18, in ancther embodiment, FIG. 4B deplow 8
configuration of 2 pluralily of fransistors converter.  In this smbodiment each of the

switches 51-84 and the comvasponding divdes D104 are replaced with & ransistor, For
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axample, it this embodimand, 51 and D1 would be replaced with o first transistor providing
& phuralty of fransistors in this configuration

00431 The first and the second souwrces 408 and 410 provide power to the fst
phwrality of swilches S1-82 or the second phuality of swilches 53-84 {0 generads an
audputl voltags across the fransformer T Additionally, the first and the second sources
408 and 410 alfernale providing powsr o the transformear T1 o achisve the oulpdd
voltage based on the first plurality of swilches 81.82 and the second plurally of
switches &3-84. For example, the first plurality of swilches 81.82 close to provide
power o the wansformer T1 from the fist source 408 while the sscond plurality of
switches 82-84 remain open. I another example, the second plrality of swilches 83-
G4 close o provide power to the bensformer T1 fom the second sowrce 410 while the
first plurality of swilches 51-82 ramain opan. In these smbodiments, the converter 408
altermales powsr based on the fist and the second plurality of swilches S1-84.
Although the first the second sowees 408 and 410 are depicled as intemal o the
cotverter 406, this was done for illushation purposes rather than for Bmiling purpeses,
For example, the sowces 408 and 410 may be external to the comverter 408 as
depicted in FIGS, 1-3. in ancther embodiment, the sources 408 and 410 may include a
firal source module and a second source module to condition power from sach powey
gsource 408 and 410 to achieve a first power input and a seoond power input. In &
further ambodiment, e sowrces 408 and 410 may nolude 3 first and & second power
souwrce. Ya!, in another ambodiment, the firs! source 408 and the second souwce am
sapacitors chargad when recelving power from the first power source and the sscond
powsr sowree o fransfer power through the first plurality of switches 8152 and the
second plurality of swilches S3-84 o gsnerate the owlpul vollage across the
frangdformer T1.

{0044]  The frst plurality of swiiches 182 are In sevies with the travwformer T1 0

grmnr

achisve the oulpul voltage from the firs! source 408, For examples, & controller ransimils 8
signal o the converter 408 fo close switthes §1.8¢ allowing a dirett path for the st
souros 408 o transmit power Hyough swilch §1, the transformer T, and switeh 88, Iy
this embodiment, when the fird power sowrce 408 suppliss current through the
ransformer T1, the sacond phuality of switches §3-84 are bft open. In this regand, the
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power sources 408 and $10 sltemate supplying power o the converlsy 408, Allemating
belwean the two power sources 408 and 410 may be accomplished by manipuiating the
nuimber of times the first sowce 408 or the second sowee 410 supplies power o the
converter 406, For example, this may be done squally such altemating between each
cyoie, alternating sfler a period of fime, or untll either source 408 or 410 experiences 8
Fault and then power will De supgplied by the nondauiied source 408 or 410,

048] The second phvalily of swiiches 83-84 ara in series with the transformer Tt o
achisve the oulput vollage from the second sowrce 4100 For example, the controlier
transmils & gignat o the converter 408 to close switches §3-54 sliowing & diren! path for

"'?

the seconyd source 410 o fransimil power through switch 83, the transformer T4, and the
switoh 84, Whan the second pluralily of swilches S3-54 are closed, the first plurality of
swilches $1-82 are open. The confroller manages a first and a second input power by
attemating betwsen the sources 408 and 410 bassed on the first plleality of switches S1-
S2 and the second pluralily of swifches 83-54 1o generale the oulpul vollage acvoss the

ansformer T1. For example, the controfler fransmits 2 signad i the converter 408 o

plose the first plirally swilches §1-82 so power Rows from the first scurce 408 through

the ransfoimer T1 to achisve the oulput vallage. When the duty oyals is met to achelve
an ouwtpyt voltags, the converter 408 opens the first plurality of switches 5182 whigh

aliows the cwrrent to fow from the negative end of the Sst source 408 through BLD2Z,
The duly cvcle s the time & device has “on Hme’ (e, voltage a;}gs,%;as:s aoross the
device), In order fo prevent breakdown of the device, there & an “off Hime” {Le, raverse
voltage applied acrcss the devigs). For example, for a 80% duty oycle, the device will
have g positive voltage applied across it for 80% of the time and will be off for #0% of
the fime. Hare the Hme i the length of fime | takes the device to go through & complete
orvolf oycle. Iy & further example, the controller lransmits a signal o close the second
plurality of swilches 8384 o power Bows from the second soirca 410 through the
transformar T1 to achieve the oulput voltage. Whan the duly oyele is met, the conwertey
408 opens the second pluralily of swilches 83-84 which silows the current to fow from
the negative end of the second source 410 {o through DS-D4, balancing the transformer
T1. in this example. the seoond power source 410 is solated from the converter 08
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trough the second plurality of switches 83-84 as fo prevent current leakage betwsen
the sources 408 and 418

{D048]  The tansformer T1 i an electical device that transfers energy from the
convarter A8 {0 8 load through 3 magnelic madium. The transformer T1 is in series with
the first and the second plurality of switches 81-82 and 83-54 and is shared between the
power sources 408 and 410 o ganerale the load, The vollage across the ransfommer T
altemates between the power sowrees 408 and 410 as based on whethey the st and the
second plurality of switches 81-82 and S3-84 are open or clesed,  For sxample, the
corpearter 400 will recelve 2 single inpul aoross the ransformer 71 fo achisve the output
yoltage and ap such the power Inpul may coms Trom sither of the power sources 408 and
410, Further, the ravsformer T1 provides addifional izolation belween the comverisr 408
and the lvad andfor sulput wolfage. The load s provided as the owdpul vollage from the
cornverter 408,

{00471 The frad plurality of diodes U103 are in serjes with the first source 408 that

res

aperate o balance the ansformer T1 when the first source 408 suppbes power through
O

22

the frst plurality of swikthes S1-82. The #rst plurality of diodes D102 are slsctrics!
devices with bansfer chavactaristics to ditegt curvent flow In ong divsclion with fow
resistanos from 80 anode o the cathode. The othwy side of the diode from the cathods 1o
the anode operates with high resislance thus praventing the flow of current from the
cathode Yo the anode. The first plurality of dicdes D102 balance the tansformer T1 when
the first plurality of switches 51-82 are closed.

{00487 The second plurality of divdes D304 are it series with the second sourse 410
Hiat operale o balance the transfonmer T1 when the second source 410 supplies power

-

trough the second pluralily of swilches 83-84. The second plursiily of diodes D3-D4 may

be simifar in struclure and finclionality to the frst plurality of diodes DLD2.

{00481 FHG 4B is a dizgram {or an sxample converter 408 with & first and second
soures 408 and 410 {o gensrate an oulpud vwltage acress & transformer T by switching
Dulwesn the Srsl phealily of switcheys 8182, the second pluraiily of switches 53-84, avd a

plurality of addiions! swilches S5-88 {o balance the ransformer 71, FIG. 4B, untke FIG.

T

na

3

4A, provides the pluralily of additional swilches 85-88 ©© balancs the angformey T1,
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first source 408, the second source 414, the comnverier 408, the first phuality of switches
S1-52, and the second pluralily of switches $3-84 may be similar in siruciure and
funclionalfy to the first source 408, the second zowrce 410, the converter 408, the frst
plurality of switches S1-82, and the secongd plurally of swilches §3-84 of FIG. 4A. =
another embodiment, FIG. 48 depitts a configuration of 3 full-bridge tvpe convertar

GOS0 The pluraiity of additional swilches 55-56 and 87-58 are sach i series with the
sowrces A08 ang 410 1o balance the ransformar T1, In omer o achigve the output vollage
across the transfomer T1, & controlier sltemates the power 10 the converier 406 behween
the first sotree 408 and the sevond sowres 410 by signaling o close andior opsn the first
plurality of swilches B1.82 or the second plurality of swilches 53-84.  Further, once
achiaving the oulpul voltage. the pluralily of additional switches S5-88 are utifized to
provide a raverse voltage across the ransformer T1

O051)  The components for the fies! source 408 include the frst plirality of switches 81-
S2. sddiional plurality of swilches S5-58, and the transformer 71, In this embodiment, ko
achieve the oulput vollage across the transfomer T1 fam the first sowree 408 and o
balance the transformes T1, the controller comynunicales with the converder o close the
firal plvality of switches 814-82, while switches 55-88 and the rast of the swilches 83-84
and $7-38 remain open. To balance the tansformer T1 by applying the reverse vollage,
switchaes $5-86 are closad while the first plurality of switches S1-82 and the rest of the
switches 83-84 and §7-58 ramain opan.

00821 The components for the second source 410 inglude the second plurality of
switches $3-34, additional pluralily of switches 87-38, and the fransformer 71 in this
ambodiment, fo achieve the pulpl vollage aoross the ansformsy T fom he second
sowroe 410 and o balance the transformer T1, the controller communicates with the
pomverter o olose the sscond plurality of swilches 83-84, while switches §7-88 and the
rast of the swiloheg S1-82 and 85-88 ramain opan. To balanes the bansformer T1 by
applying the reverse vollage, swilches B7-58 are closed while swilches 53-84 and the
rest of the swilches §1-84 and 8558 ramain open

00821 FIG, 40 is & diagram of an example converter 408 with @ frst and second
sourss 408 and 410 o generale an culput vollage aoross 8 ansformer T1 by swalching
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betwesn a first phaaily of swilches S1-82 and a second pluralily of switches $3-84, and s
plurality of capacitors C104 to balance the ransformer T FIG. 4C, unlike FIGS, 48-48,
provides a pheally of capacitors o balance the tansformer T1. The frst source 408, the
sacond sowres 414, the converler 408, the fivst plurality of switches 51-82, and the second

pluraiity of swilches S3-S4 may be similar in shcliss and funcionality fo the sl sowes
sﬁ}& the second saurce 410, the converter 408, the first plurality of switches $1-82, and
the second pliesily of switchas 83-34 of FIGS, 4448, In another embodiment, FIG. 40
deplots 3 configuration of & half-bridge type converter

r

{0084 The components for the Tral source 408 include the firsd pluralty of switches 8-
S2, and 55, the plurality of capaciiors C1-02, and the ransfommer T In this embodiment,
o achisve the oulpul vollage across the transformer 71 from the first sowrce 408, fhe
controffer communicates with the converter 408 to close swilthes 51 and 85 while leaving
S2 opan, The converter 408 balances the transformer T1 by appiving the reverse voilegs
across 11, the controdler communicstes with the converter 408 {o open the switch 81 and

P

close switchas 86 and 82, During this embodiment, the awilches 83-54, and 58 on the
second source side 410 remain open, providing solstion between the sowces 408 and
410.

00581 The components for the sscond source 410 include the secand plurality of
switches 83-84, and 88, the plurality of capaciiors C3-C4, and the transformer T1 In this
embodiment, o achieve the aulpwt voltage across the ransformer 71 from the sscond
sawroe 410, the controfisr communicates with the converter 408 o close switchss 83 and
88 while leaving 34 open. The converler 408 balances the transfommer T1 by applying the
revarse voltags soross T1, the controfler communinates with the converler 408 (o cpsn
switch 83 and close switches 84 and S8, During this embodiment, the swilches B1-&2

and 58 remain open.

00581 FIG. §is s fowchad of an exampls method performed on & compuing deviee o

£rrrrg

raceive an input power and altemate the input power badween a first ang 8 second power
source.  Although FEE & b dosoribed as being perdomnd on & computing device, ® may
3lso be executed on other sullable components as will be apparent {0 those skilled By the



WO 2013/176655 PCT/US2012/038997
16

art, For exampie, FiG, § may be implementsd in the form of axecutable nstructions on g
conirolier, such as &, 218, and 318 as I PGS 14

0057 At operation 502, the converley recelves inpid power from either the first powsy
source of the sacond power source.  In one smbodiment, the input powsr may include 2
first input power or 5 second Input power. Further in this embodiment, the nput power is
provided by either the frsl power source or the second power source, bigd not both
BOLFORS,

{00881 Al opwration 504 the comverter alternates e npit power received at oparation

504 pelween the fist power source and he second power sowrce by swilching o St

@

pheslily and 3 second plurality of swilches. Inancther ambodiment, operation 534, resulls
in an outpud vollage aoross & fransfonmer and thus powering 3 foad.
{0058 At operalion 808 s confralier measures power from the first power source amd
the second power sowree retsived al operation §50¢ so the converter aperates belwesn the
mdes at operations 508 and 5100 Further, the converler operates in each mode at
operations 508 and 510 for pariod of ime as dependent on the st and the second powesr
SUUTCe measraments.  For oxample, ¥ ihs frst source powsy measurement s i the
highser range of vollages. the converlsr may then enler the mode fo balance the
transformmer (o prevent & breakdown of the fansformer
[QOBGT Al operation 508, the first mode achicves a vollage through a transformer as
shared belween the fred and the second power source. The first mode achisves the
voltage in order o power & load from the converter.  in another embodimen, operation
508, achieves a vollage oulpul across a bansformer.  Achisving the vollage oufput
anabies the ansrgy 1o ransfer through the ranaformer {0 power a oad,
081 Al operation 510, the second mads includes balancing the voltage through the
ansformer. This mode allows the corverier 1o balancs the transformer. For sxample, the
transfommer may achisve vollage for a period of Sme, bul may operate st duly cycle of
50%, thereforg, the transfrmer may have a negative voltage as o halance aul the voliage
of thee load, This provents saturation and breakdown of the transformer.
0082 I summary, sxample embodiments disclosed herein mwiﬁé & vedundant
power sotres systent including a converder o provide isolation behvsen 19 DOWSY SQUIDES
§

fo increase refiabiiity. This also enables the power sowces v operate ndependently of
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one another. Additionally, sxample embodiments maintain sfficiency and power density

reducing the size of the power source system.
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CLAMS
¥We clainu
1. A system comprising:
a fist convertar input 1o receive a fist input power from a Tirst power sowree and
2 ssvond comverter inpul 1o receive a second nput power rom a second power sours;
convertar 1o provide isolation between the first and the second input power by a
NS g}%maiéiy of swilches connectad o the Tst conveder inpul and 8 second phualily of
swilches comnmactad {0 the second sopvertar inpld; end
a3 conbipdler o manage the Bt and the second inpwl power by asllemating
between the first powsry source and the segond powsr sowres Dased on T first plvality
of switches and the second plurality of switches,

2. The system of olaim 1 whereln the confroller & fudher
maintain an ocutput voltags of the converter by measuring the cutput voltags and
pased on the oulput voltage, ulilizing the first and the second plurality of switches o

switnh either the first or sscond inpwt powsr on or off

3. The system of claim 1 fugther comprising:
a first source module connectad from the first power source (o the st converter
input to condifion the first input power 10 & power as rated by the converter and

a seoond sourcs moduls connected from the second power souree 1o the second

converler inpud 1o condition the seoond input powsr © the powsr as mated by the

gonvertar,
4. The system of claim 1 whereiln the controller & further to

detect a faull and skew Inpul power o sither the frst powet soures of the second

DOWET SOUNSe,

&, The system of olabn 1 whereln the converler further includes @ transformer
shared batwaen the first converter input and the second converter input and further
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powerad by either the firs! or the second power source, (0 achisve an oulpul voltags.

£, The system of olgim & wharein the fivs! converler input and the sscond comeerier

s

i includes alieast one of e following:

8 plurality of dicdes, 8 plurality of additiona! swilches, and g plurality of capacitors
o divect a current through the transformer o balance the ansformer.

i

The system of olaim 1 wherelt the converler includes at least ong of the following
configurations: 8 fulbbridge type converler, & half-bridge type convarter, and a plurality
of ransistors convertar,

&. The gystem of claim 1 wherein the first and the second phyality of switches ave iy
savies with a ransformer fo direat a current through the ransformer 1o ransfer ensrgy.

resuiting in an outpul voltags of the converter.

8. A contraller comprising:

a first chamnel, connecled between g st source and a fivst converter ingd, o
control 2 first pluraiity of swilches within & converler, the fivst convertar inpul to recalve 3
first inpud powsr from the frst power souree;

& seoongd channel connecled bebween 2 sscond powear sourcs and a seoond

onverter input, to contrel a second plurality of swilchas within the converter, the second
conwearter input to recele a second inpul power fam the second power apures; ang

a managemen module kv manage the frat npuwl power and the sscond inpul
powsy by allermnating bebhwesn the sl power source and the seoond powar soures
hased on the first and second plurslily of swilches, the first and the secons pluraiity of
switches provide solation betwasn the firsd power sourcs and the second powsr sowree

iy prevant currant jeskags between the sources,

1. The controller of olaim &, whersin the mansgement mindule s further to
maintain an oulpid voltage of the converter by measwing the oulput voltage and

based on the oulpul voltage, ulilizing the 8rsl and the second pluralily of switches o
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1. The controller of daim @ wherelu
the first and the second plurallly of swilches within the converter are sach in
series with @ transformer to direst 3 cwrent through the fransformer resulting By &
caitive voltags on & load] and
fhe Hrel converter nput and the secomnd converter input include at lsast one of the
following: a plurality of dindes, a plurality of addiional swilches, and 8 plurality of
capachors to divect the current through the ransformear to balance the transformer.

12, The controlier of glaim 8 wherein the management modide s Turther to detect @
faull on either the first source o the second salrce and skew iput powsy 1o aithey the

first input power or the second nput power.

13, The controller of claim @ whergin the management module aliemates betwesan

the first source and the sacand source iy Hime intenvals,

14 A method, exscuted by & sompuling device, comprising:
receiving input power from either a first power sowree or 8 sacond powear source;

naling the input power betwesn the Srst power source and the second powey
source based on a first plurality of switches associated with the first power source and a
second plurality of switches associated with the second powsr soures, the first and the
second phirality of switches provide current isolation between the first power source and
the second powsy soue,

15, The method of claim 14 frther comprising:

measuring the first power source and the sscond powsy sowree o enables the
converter 1o allernaln between hwo or more modes for a period of me, the peried of
fme dependent on the Srst and second powsr sowce measivements, the mndes
including:



WO 2013/176655 PCT/US2012/038997
21

a first mode {0 achieve a vollage through & anstormer;

a second mode o balance the vollage through the transformer.
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