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i nventi~on is relative to Single phase input hybrid rectification method
~which is useful for power saving for DC or AC output equi pnents, such-as
vi deos, audi os, electronic apparatus |i ke comrunications '
equi pnent s, conput ers, office automationlmachines |ike copy- machines, air
condi tioners, cooking machines, lighting apparatus, industrial notor

controllers or -unint errsmcmlmmgwmummm RECT IBRCATONUMETHOD! oday,
swi tching power supply is popularly used for videos, audios, electronic

equi pnents |ike conputers, air conditioners, cooklng nachlnes, l'i ghting
apparatus,industrial notor controllers,or AC out put devices |ike
uni nt errupt i bFEELPOGE rTHEUENVENTION t s. And the demand for swi tching power
supply is rapidly increasing because of inproved switchin
This invention is relative to Single phase 1nput hybrid rectification
method vwhich is useful for power saving for DC or AC output equipments,
such as videos, audios, electronic apparatus like communications
equipments, computers, office automation machines like copy machines, air
conditioners, cooking machines, lighting apparatus, industrial motor

controllers or uninterruptible power Supply.

PRIOR ART
- Until today, switching power supply is popularly used for videos, audios,
electronic equipments like computers, air conditioners, cooking machines,
lighting apﬁaratus,industrial motor controllers,or AC output devices
like uninterruptible power supply units. And the demand for switching
power supply is rapidly increasing because of improved switching
semiconductors, proprietary control LSI or improvement of HF
characteristics of capacitor and magnetic materials. However, recently
it is pointed out that harmonic current occurred by switching power

supply causes electro-magnetic interferrence to commercial power line.

It is also pointed out that low power factor occurred by switching power
supply causes loss cf global bdsis'energy resourcec.
These problems are now drawing the attention of advanced coumtriés_ag a

common problem.

_.'Nowadays, IEC (International Electrotechnical Commission) decided to
. regulate harmonlc current occurred by switching power supply and low

power factor, and the guide llnes by Japanese Government are also



sem conductors, proprietary control LSI or inprovenent of HF
characteristics of capacitor and magnetic materials. However, recently it

i sspoi nted out that harnonic current occurred by sw tching power supply
causes el ectromagnetic interferrence to comercial power.line. It is also
poi nted out that |ow power factor occurPed by switching power supply causes
| oss of global basis energy resources. These problens are now drawi ng the
attention of advanced countries as a comon problem Nowadays, |EC

(1 nt er nat i onaF¢G4ILE frotechnical Commi ssi on) decided to regul ate har moni.c
current occurred by sw tching power supply and | ow power factor, and the
guide |lines by Japanese CGovernnent are al so

For example, concerning Regulation No. IEC1000-3-2 of IEC Regulations,

" the object of regulations is devided into 4 classes, Class A for 3 phase
input equipments, Class B for motor tools, Class C for lighting |
apparatus and Class D for equipments having specialized which has peak
power not exceeding 600 watt.

Therefore, Electronic equipments except a kind of air condltloners and

almost all DC output equipments are involved in Class D.

The especially important regulation of these regulations on harmonic
current is on sigle phase capacitor input type rectifier circuit,

generally used for switching power supply.

For example, Fig. 1 shows that concerning a sigle phase capacitor input
type réctifier circuit used for TV (230V, 230W) for European market,
harmonic current value of all odd order harmonics from third harmonic to
: 19fh harmonic largely excéeds 1EC Standard which is shown with a solid
line. Products with such switching power supply are likely to be unable

to be sold in future.

Until now, several circuits have been suggested as guidelines against
the regulations on harmonic current. Among them, an input choke coil
~circuit, one transistor converter method (input capacitorless method),

and active filter method are generally used.

An input choke coil circuit has a circuit configuration as shown in Fig.
2 (1).for exapmple, and a choke coil is inserted from AC input-side.

This configuration s]ightly meets the above-mentioned IEC Standard.



requi red. For exanple, concerning Regul ation No. | EC1000-3-2 of IEC
.Regul at-i ons, the object of regulations is devided into 4 classes, Cass A
for. 3 phase input equipnents, Cass B for notor tools, Class C for tighting
-apparatus and Class D for equi pnments having specialized which has peak
power not exceeding 600 watt. Therefore,3El ectronic equi pnments except a
kind of air conditioners and al nost all DC out put equi pnents are invol ved
in Class D. The especially inmportant regulation of these regulations on
harmoni ¢ current is on sigle phase capacitor input type rectifier circuit,
general ly used for switching power supply. For exanple, Fig. 1 shows that
concerni ng a Forgéxamphe,s #hempachaker coilpis ingertedetntiof the ioput side wfed for TV
(230V, 230W for_European market, harnmonic current value of all odd order
har moni cs f r ¢ngle phaseacapanisor dnput type rectifier circuit used for TV (230V,

230W) for Europe as shown in Fig. 3, harmonic current values of all odd

order harmonics from third harmonic to 19th harmonic are lower than IEC

Standard which is shown with a solid line.

" However, power factor of an_input choke coil circuit is generally 0.75
~ 0.8 as shown in Fig. 4, for example, which meets the lowest value,
. 0.75, of IEC Standard, but it is not enough. Still there are lots of

apparent power;

It ié clear that the occurrence of harmonic current in an input cheke
coil circuit is caused by charging current of a capacitor directly
connected with full bridge rectifier output .

Accordingly, pulse width modulation (PWM) switching technology without a

large capacitor has been tried.

The type of circuit for pulse width modulation is divided into

one transistor converter method or active filter.method.

. One transistor converter method has a circuit configuration as shown in
Fig. 2 (2) for example. Though it hgs some advantages as to cost,
conversion effiéiency, power factor, or powerline harmonic, but also has
a weak point that it is unabie to produce output power when AC input
voltage instantaneous value is at around 0. |

Consequently, it is available only'for apparatus not exceeding approx.
300 W. '



19th harnonic | argely exceeds | EC Standard which is shown with a solid

. line. Products with such switching power supply are likely to be unable to
~‘be’.sold in future. Until now, several circuits have been suggested as

- guidelines against the regulations on-harnonic current. Anong them an

| nput choke coil circuit, one transistor converter nethod (input

capaci torless nethod), and active filter 4ymethod are generally used An
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lack of a large capacitor at power supply side.
Accordingly, switching power supply using oneltransistor converter

method is considerably limited to use.

On.the other hand, active filter method has a circuit configuration
shown in Fig. 2 (3). In this method, though power factor comes to
nearly 1, it has a weak point that another DC-DC converter is necessary
in addition to a power factor improved switching circuit and lower
efficiency is unavoidable on the whole because output voltage is
difficult to be prodiiced when AC input voltagc is at around 0 and ripple

(AC component) is occurred in output power.

As stated above, guidelines against harmonic current limitation and
improvement in power factor of the conventional switching power supply
accompany negative factors such as increase of cost, decrease of

conversion efficiency or increase of size and weight.

- SUMMARY OF THE INVENTION
This invention was given under the circumstdnces and aims_to proﬁide
several single phase input:hybrid rectification methods with limitation
free of power capacity range to overcome the conventional technical

proBlems and improve radically conversion efficiency, power factor and

powerline harmonics.

To solve the above problems, this invention provides Single phase input

fundamental and harmonic component hybrid rectification method (Claim No.

1) having the characteristics that higher efficiency than a



si ngl e phase capacitor input type rectifier circuit used for TV (230V,
230W for Europe as shown in Fig. 3, harnonic current values of all odd
order harnmonics fromthird harnmonic to 19th harnonic are | ower than | EC
Standard which is shown with a solid |ine. However, power factor of an

i nput choke coil circuit is generally 0.45 [err] 0.8 as shown in Fig. 4,
for exanple, whicch neets the | owest value, 0.75, of IEC Standard, but it is
'not enough. Still there are |ots of apparent power. It is clear that the
occurrence ofconeentiona]l siglephaser fahl brpdge réctiidiemi cirduituéan be obdaied by
charging current of a capacitor directly connected with full bridge
rectifier outhyuputtingcthedrinply, powerséharimeitic eamponent)oreqtidfigr and tthei ng
technol ogy without a large caBaC|tor has been tried. The t ﬁe of circuit
for pul se w caukihigayl Eﬂqtéfnlﬂds ammn@mtnnddson the fundamental C component.

And, this invention provides Single phase inpuf hybrid rectification
method (Claim No. 2) having characteristics that higher efficiency than
a conventional LC filter type rectifier circuit can be obtained by
putting the ripple voltage (harmonic'component)rectifier and the
auxilialy rectified DC component adds on the fundamental wave DC

component;

Moreover, this invention provides a Single phase inmput hybrid
rectification method having characteristics that highér efficiency than
a single phase full bridge rectifier circuit or 2 phase half bridge
rectifier circuit-can be obtained by inserting LC filter composed of a
choke coil with the step up secondary coil and a smoothing capacitor and
by-putting the ripple voltage (AC voitage)rectifier circuit connected
with the secondary coil and the auxiliary rectified DC component adds on

the fundamental wave DC component.

BRIEF DESCRIPTION OF THE INVENTION
Fig. 1. shows a relation chart illustrating the relation between number

and value of harmonic current in the conventional circuit.

Fig. 2. shows a circuit configuration illustrating thé conventional
method.

' Fig..3, shows an another relation chart illustrating the relation

between numbér and value of harmonic curfent in the conventiqnal method.



one transistor converter nethod or active filter nmethod. One transistor
converter nethod has a circuit configuration as shown in Fig. 2 (2) for
exanpl e. Though it has sone advantages as to cost, conversion efficiency,
power factor, or powerline harnonic, but also has a weak point that it is
unabl e to produce output power when AC i Bput voltage instantaneous value is
at around 0. Consequently, it is available only for apparatus not exceeding
approx. 300 W Mor eover, one transistor converter nethod has a great
weak point that noise at high-speed switching | eaks to AC power supply side

because of | agfy of Ipbi¥ 4°rEARIGH chart!i INNTEt it BRY r318€Ton between

electric power consumption and power factor based on the conventional
method. )

Fig. 5. shows a circuit configuration illustrating an actural example of

this invention and explanation of the output voltage waveforms.

Fig. 6. shows an explanation chart of DC output volfage values and wave

forms of a circuits shown in Fig. 5.

~-Fig. 7. shows a comparison of the basic and improved LC filter type

rectifier circuit actual example of this invention.

Fig. 8. shows an actual example of this invention for input - output

non-insulated high frequency hybrid rectification method. _

Fig. 9. shows an actual example of this invention .for input-output
insulated high frequency hybrid rectification method for small capacity

with one trgnsistor type.

Fig.10. shows an actual exmplé of this invention as the same method as

Fig.9, but for large capacity with push pull transistor type.

Fig. 11. shows an actual example of the circuits method shown in Fig.6,

Fig.7 and Fig.9 when commonly used with 100/115V and 200/230V compatible.

DETAILED DESCRIPTION OF THE INVENTION:

Fig. 5 shows an example of circuit configuration of this inventions



Accordingly, swtching power supply using one transistor converter nethod
is considerably limted to use. On the other hand, active filter nmethod has
a circuit configuration shown in Fig. 2 (3). In this nmethod, though power
factor conmes to nearly 1, it has a weak point that another DC-DC converter
IS necessary in addition to a power factqgr inproved switching circuit and

| oner efficiency is unavoi dable on the whol e because output voltage is
difficult to be produced when AC input voltage is at around O and ri pple

(AC component oo @RcHTthe hd Ryt SbnsloBihod e 3bH4he tbefe pbriall nos

agai nst harnonic current [ITmtation and I nprovenent in power ‘factor of the
conventional sw tching power supply acconpany negative factors such as
“increase of cost, decrease of conversion efficiency or increase of size and

wei ght . SUMVARH i OF nvélit ilohVESNAbI® to realize higher rectifier efficiency than the
conventional methods, and make power saving of several DC or AC output |
equipments possible by using the above single phase input hybrid

rectification method.

The concrete method and its active effects are shown below as actual

examples.

Fig. 5 shows an example of circuit configuration of this application to

solve the above problems as compared with the conventional method.

Fig. 5 (1) is a generaly used capacitor input type rectifier circuit, in
which input power factor is lowered because smoothing is conducted only
by high capacity condenser on DC output side and charging current is
concentrated to the peak values of sine curve AC voltage within a short

time as stated before.

Fig. 5 (2) is a standard single phase full bridge rectifier circuit, in
which ihput power factor is 1 and efficiency is approx.79% because
voltage drop for 2 diodes is deducted from the theoretical value 8/7*=
81%.

The portion of Fig. 5 (3), Fig. 5 (4) and Fig. 5 (5) encircled by a
dot line is an auxiliary rectifier circuit which can produce additional
DC power by combining capacitors with diodes and by smoothing the ripple

power (harmonic component) which is disregarded until now.



This invention was given undér the circunstances and ains to provide
several- single phase input hybrid rectification nmethods with timtation
free of power capacity range to overcone the conventional technical

probl enms and i nprove radically conversion efficiency, power factor and
power |l ine harhonics. To sol ve the above #roblens, this invention provides
Si ngl e phase input fundanmental and harnonic conponent hybrid rectification
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main rectifier. circuit as shown in Fig. 5 (3) ~ Fig. 5 (5), rectifed

pover is supplied to DC load from an auxiliary rectifier circuit only

vhile the absolute vaiue of input AC voltage is lower than output

voltage value of an auxiliary rectifier circuit.

That is, the auxiliary rectifier circuits shown in Fig. 5 (3) ~ Fig. 5
(5) actively increase of the efficiency to rectify and smooth ripple

voltage (harmonic componeht) just liké the smoothing capacitor of Fig. 5
(1). '

Therefore, it is possible to obtain higher efficiency than the circuits
of Fig. 5 (1) or Fig. 5 (2) because the rerectified ripple power which
is d1sregarded by the conventional c1rcu1ts is recycled by the auxiliary

' rect1f1er circuit.

That is, this invented hybrid rectification method is very effective for.

energy saving in various rectifiers.

The rate is improVed by 8 ~ 9% than the standard efficiency 79% of Fig.
5 (2) due to the number of circuit element(When 79% is the standard,

the rate is 10 ~ 11%).

The measurement value shows that the input AC current (apparent power)
of the method shown in Fig. 5 (3) ~Fig. 5 (5) is reduced by 27 ~ 29%
under the same DC output power compared with the conventional_capacitor
input type rectifier circuit shown in Fig. 5 (1). This measurement
value is confirmed by the experiment which altering the same type of

popular DC-DC converter for marketing in Fig. 5 (1) to the invented



And, this invention provides Single phase input hybrid rectification nethod
(G aim-No. 2) having characteristics that higher efficiency than a
conventional LC filter type rectifier circuit can be obtained by putting
the ripple voltage (harnonic conponent)rectifier and the auxilialy
rectified DC conponent adds on the fundarfental wave DC conponent. Moreover,
this invention provides a Single phase input hybrid rectification nethod
havi ng characteristics that higher efficiency than a single phase ful

bridge rectifpethod sidwntiPFig.PHEye half bridge rectifier circuit can be
obtai ned by inserting LC filter conposed of a choke coil with the step up
secondary coil -and a snoot hing capacitor and by putting the ripple voltage
(AC voltage)rectifier circuit connected with the secondary coil and the
auxi liary recAnd, &y ingothisnimventedtireotifibr dircuibrénttle Rigie5D3 )c fopdhent .

rectifier circuit of the above-mentioned one transistor converter method
or active filter method instead of the circuit inFig. 5(2), the ripple
voltage involved in DC output voltage and peak value of switching noise
are extremely feduced and output capacity range is almost limitation
free. The circuits shown in Fig. 5 (6) -~ (a), (b);,(c) are inpluded in

. the auxiliary reetifier circuit.

Fig. 6 shows the relation between auxiliary rectifier terminal voltage
. and DC output voitage under actual use for Fig. 5 (3),(4) énd (5). A

.and B of Fig. 6 shows the ripplé voltage of the conventional single
phase full bridge rectifier circuit, and C & D, F & G and H & I show the
ripple voltage under actual use for the invented method.

Seeing from Fig. 6, it is clear that ripple is reduced by ;dding
auxiliary rectifier circuit composed of capacitors and diodes.

However, improvement in efficiency of the circuit is satﬁrated because
efficienéy is reducedfby voltage drop of the diodes, even if the number
of element is increased than the actual exmple of Fig. 6 (4).
Accordingly, the circuit of Fig.6 (4) or a circuit with another booster
circuit are suitable to increase cost performance and to reduce a volume

and input current (power).

And, the lowest and highest elements of the diodes fof auxiliary
rectifier need the high voltage elements because input AC voltage is
directly put when AC power on. However, it is possible to reduce power

loss caused by forward voltage drop 6f the diodes by using a element



BRI EF DESCRI PTION OF THE I NVENTION Fig. 1. shows a relation chart
ill.ustrating the relati on between nunber and value of harnmonic current in
t he- conventional circuit. Fig. 2. shows a circuit configuration
illustrating the conventional nethod. Fig. 3. shows an another rel ation
chart illustrating the relation between Muber and val ue of harnonic
current in the conventional nethod. Fig. 4. shows a relation chart

tactor based B 1g¥ bhobe APVl CREIAOFY I ERRTHRE'd MRty it er

conf i gur at i ongjddefddabé i Mtetmbiiath EHABR'aeClput by devided voltage.

Fig. 7 (1) shows a relatively middle or large capacity rectifier circuit
with over 100 W DC output power, which is adopted conventional and _
popular LC filter. Fig. 7 (2) ~ Fig. 7 (8) show an actual example of
the invented recfication method when used for the above circuit. It is
quite natural that the ripple voltage involved in DC output voitage is
lower than the examples shown in Fig. 5 and Fig. 6 and it is useful for
all kinds of DC power supply. o |

Fig. 7 (2) shows that improvement in efficiency and decrease of ripple
voltage (or power) before smoothing.are given by converting ripple
voltage.to DC voltage in the front stage of a choke coil through an
auxiliary rectifier circuit (encircled with a doted line) shown in
Fig. 5 and Fig. 6 and by adding it to output power of a single phase

full bridge main rectifier circuit composed of diode D:, Dz, Ds and Ds.

Owing to this, it is possible to decrease rated capacity of a choke coil
in proportion to the decrease of ripple voltage putting to a choke coil,
and possible to be minimized and to improve efficiency by reducing
internal loss. An auxiliary rectifier circuit encircled by a dot line

in Fig. 7 (2) shows the circuit method of Fig. 6 (2) for example, which
is however almost same as the circuit method of Fig.6 (3) or Fig. 6 (4).
The suitable method is should be selected depending on cost performance,

size or tdtal'efficiency.

Fig. 7 (3) shows a rectifier circuit where a capacitor for smoothing

filter in an auxiliary rectifier circuit and a capacitor for LC filter



this invention and expl anation of the output voltage waveforns. Fig. 6.
shaws an expl anation chart of DC output voltage val ues and wave forns of a
circuits shown in Fig. 5. Fig. 7. shows a conparison of the basic and
i nproved LC filter type rectifier circuit actual exanple of this invention.
Fig. 8 shows an actual exanple of this lhvention for inputoutput
non-i nsul ated hi gh frequency hybrid rectification methdd. Fig. 9. shows an
actual exanple of this invention for input output insulated high f requency
hybrid rectif iofas imain mecbibfierociremit lareagommonly wséd whee the arippié (AC) yiower
Fi g.10. shows an actual exnple of this invention as the sane nethod as
Fig.9, but forocbmre@eomd:hacbath sidenopuas ehekel totlr dasionvertedybe DCFpayerll.
shows an actual exanpl e of the circujts nethod shown in Fig.6, Fig.7 and
Fi g. 9 when corthooilgh theduxi kinry adreubyeneirciedmisina do’mﬂaﬂ? ,eand wh1ch is
small and has the fewest elements in total and keeps best cost

performance.

Fig. 7 (4) shows that ripple voltage in the front stage of a choke coil
is decreased than the DC output wave of Fig. 6 (4) in spite of small
number of capacitors and diodes by setting the secondary coil on a choke
coil and steppihg up the ripple voltagé involved in output power of a
signle phase full bridge rectifier circuit with auto transformer
function, and moreover, by being rectified through an auxiliary

rectifier circuit.

Consequently, it is possible to minimize the rated capacity of a choke
coil and keep the DC output ripple voltage within the specificatibn to

be available for actual use.

" Fig. 7 (5) shows a method made by reducing the circuit element of Fig. 7

(4) and simplifying the circuit to increase cost performance.

Fig. 7 (6) shows a method to put the ripple voltage occurred in the
secondary coil of a choke coil after full bfidge rectified by D2, D4,

Ds and Ds in parallel to single phase full bridge rectified outpui
‘voltage composed of DI,IDZ, D3, and Ds. D: and D. are commonly used for

main rectifier and auxiliary rectifier.

Though D1 ~ D¢ are seems to be equiValent to a3 phase full bridge

rectifier circuit, they are not exactly equivalent to 3 phase full



DETAI LED DESCRIPTICN OF THE I NVENTION Fig. 5 shows an exanple of circuit
configuration of this inventions conpared with the conventional nethod
to solve the above problens. This invention is able to realize higher
rectifier efficiency than the conventional nethods, and nake power saving
of several DC or AC output equi pnents pqgsible by using the above single
phase i nput hybrid rectification nmethod. The concrete nmethod and its active
effects are shown bel ow as actual exanples. Fig. 5 shows an exanpl e of

circuit confilpridge] decadset Di s~applareaputowi tho 561 \irpitheobtagécami Db) em; as
conpared wi th the conventi.onal nethod.
Ds and Ds are put with 100Hz ripple (harmonic component) voltage

which is the second harmonic.

Fig. 7 (7) and Fig. 7 (8) are the transformation. Fig. 7 (8) is a
method to put auxiliary’fectified output'power to the DC output side,
and Fig. 7 (7) is a method to supply a half of ripple power to each
front and later stage of a choke coil.

As stated above,'various.circuit methods are adopted for this invented
éffipiency improved method. However, the integrated and common concept
is to improve rectifier efficiency by transforming the rippie power
(harmonic component), disregarded by the conventional single phase full
bridge rectifier circuit,-into DC power and by adding to the
conventional DC output power, which is the basic concept of this

invention.

'And,-DC output/AC input ﬁalue of Fig. 5 and Fig. 7 are confirmed by

experiments, and the value shows clearly improvement in efficiency and

power factor.

Fig. 8, Fig. 9 and Fig. 10 shows another actual éxamples.

That is: Fig. 8 shows an example of input-output_noninsulated high
frequency hybrid rectification method, which has a characteristic to
insert a éemiconductor switch (S) between a single phase full bridge
rectifier circuit and LC filter and give on-off control to the |

semiconductor switch (S) at some KHz ~ some 100 KHz.

This method is able to not only PWM control DC output voltage but.also



Fig. 5 (1) is a generaly used capacitor input type rectifier circuit, in
whi ch i nput power factor is |owered because snoothing is conducted only by
hi gh capacity condenser on DC output side and charging current is
concentrated to the peak val ues of sine curve AC voltage within a short
time as stated before: Fig. 5 (2) is a st:mndard single phase full bridge
rectifier circuit, in which input power factor is 1 and efficiency is

appr ox. 79% because voltage drop for 2 diodes is deducted fromthe

t heoretical vgreatlg/iimimjze 8heovathe, papadidy and Weightsofl a) chdkegcoid (k) andd
Fig. 5 (5) encircled by a dot line is an auxiliary rectifier circuit which
can produce a@d¢apagikor w-poml‘ﬂwﬁdﬁmhilﬂg’%épbé torreabizer the odes and by

snmoot hi ng the ri | e power (harnmonjc c onent) which is disregarded until
Now. J 'minfﬁ%zatf%n and light weight %5¥)total %ower supply -equipﬁ%nt.

Fig. 9 shows an example of input-output insulated high frequency hybrid
rectification method DC-DC converter (for small capacity with a one
transistor). That is, when the invented method is applied for a DC-DC
conver with one transistor type to obtain smoothed DC output power by

- insulating.AC input side and DC output side, high frequency current (i:)
to charge the high capacity electrolytic condenser on the input side of
DC-DC converter and high frequency current (iz) to control output
power of DC-DC cohvefter are summed up and put to the switching

transistor (8).

As i1 and i» runs through the route shown with a dotted line and are
’ given pulse width control, the normal ripple voltage occurrs in DC
| load and the same performance as the conventional DC-DC Eonverter is
kept.

Seeing from the test results, the rate of DC output power and AC input
power in the circuit of Fig. 8 is approx. 75% ~ 80%, ratherlower than
the circuit of Fig. 7, though there is some difference depending on the

output capacity or the performance of components used.

Nevertheless, pbwer-factor-efficiency are remarkébly improved compared
with the conventional switching regulator whose rate of DC output power
and AC input power is 50% ~ 65%. And the harmonics in low frequency
zone (3rd to 19th) involved in input current is fully reduced and meets
the IEC Standard. |



As the snoot hi ng DC out put power produced through an auxiliary rectifier
circuit is put in parallel to the output of single phase full bridge main
rectifier <circuit as shown in Fig. 5 (3) [err] Fig. -5 (5), rectifed power
is supplied to DC load froman auxiliary rectifier circuit.only while the
absol ute val ue of input AC voltage is | bder than output voltage value of an
auxiliary rectifier circuit. That is, the auxiliary rectifier circuits
shown in Fig. 5 (3) [err] - Fig. 5 (5) actively increase of the efficiency
to rectify and snmooth ripple voltage (harnonic conponent) just like the

P aher of fi o) By 10 93AWE 148 eFmELiad GPatiRBtics ¢h BoRHAD Push il 1oBBR e ¢ he

rerectified rbéuﬁhec nver{er w1fh two transistor type to obtain output power with
large capacity and this invented hybrid rectification method. This
means that various application is possible for this invented hybrid
rectification method.'Fig.ll (1),(2) and (3) shows circuit
configurations when the circuits of-Fig.G, Fig.7 and Fig.9 are commonly
used with 100/115V and 200/230V compatible. | |

As precisely explained above, this invention is able to realize AC to
DC conversion with little harmonic component, and able to save 10 ~15%
of input power than the'conventiohallmethod and keep more than 85% of
power factor by using single phase input hybrid rectification method to
add the rerectified DC component of the ripple power (AC component) to
the fundamental wave DC component.

Besides, it can decrease the hamonic components to AC input current.

And it is also able to realize various single phase input hybrid
rectifier circuits with little cost increase'and with limitation free

from power capacit& range.



i s disregarded by the conventional circuits is recycled by the auxiliary

rectifier circuit. That is, this invented hybrid rectification—rethodis
very effective for energy saving in various rectifiergm

i nproved by 8 [err] 9% than the standard efficiency: 7 'irmﬁ[}‘g',!rﬂlﬂm dtig

to the nunber of circuit el enment(Wen 79%%s the stanader
[err] 119 . The neasurenent val ue shows that the input AC current (apparent
power) of the nethod shown in Fig. 5 (3) [err]Fig. 5 (5) is reduced by 27
[err] 29% undeWE ChelMsane DC out put 'power cornpared with the conventional
capacitor input type rectifier circuit showm in Fig. 5 (1). This
measurenent value is confirnmed by the experiment which altering the sane

type of populap D 0C,FOMELS Sk ARGARHA ahd Hablont (pohint FybiBeE™ o
rectiffcation method having characteristics that higher efficiency than
a conventional single phase full bridge rectifier circuit can be .
.obtained by putting the ripple voltége' (harmonic component) rerectifier
~and fhe auxiliary rectified DC component adds on the,; fundamental DC

component .

2. A single phase input hybrid rectification method ha\jing
characteristics that higher efficienci than a conventional LC filter .
type rectifier circuit can be obtained by putting the ripple voltage
(harmonié component) rerectifier and the auxiliary rectified DC
component adds on the fundamental wave DC component.

3. A single phase input hybrid rectification method having
“characteristics that higher efficiency than a single phase full bridge
rectifier circuit or 2 phase half bridge rectifier circuit can be obtain
ed by inserting LC filter composed of a; choke coil with step ﬁp
secondary coil and a smoothing capacitor and by putting the ripple
voltage (AC voltage) rectifier circuit connected with the secondary
coil and aﬁxiliary rectified DC component adds on the fundamental wave

DC component:

4. Ina singlé phase input hybrid rectification method mentioned in
Claim No.2‘ by putting a semiconductor switch between rectifiér element
and LC filter and by giving on.off control at sufficiently higher
frequency thé.n inpﬁt AC frequency to the semiconductor switch, and

moreover, by adjusting DC output voltage with contfolli.ng on-off ratio



met hod shown in Fig.5 (5). And, by usi ng'thi s invented rectifier circuit in
‘the Fig. 5 (3) for the rectifier circuit of the above-nentioned one . -
transi stor converter nethod or active filter nethod i nstead—of tThe circuit

inFig. 5(2), the ripple voltage involved in DC output vol mU“\
val ue of sw tching noise are extrenely rggluced and outpu“‘mgéﬂ{““ elli s
alnost [imtation free. The circuits shown in Fig. 5 (6)'% L (B, %(c)
are included in the auxjliary rectifier circuit. Fi.g. 6 shows the relation
bet ween auxi | (@uty faedordi er terninal vol tage and DC output vol tage under
actual use for Fig. 5 (3),(4) and (5). A and B of Fig. 6 shows the ripple
vol tage of the conventional single phase full bridge rectifier-circuit, and

cé&b 'F. &6 B! dAW)é—‘-D'C ggln%vrwreusing single phase input high frequency hybrid
rectification method having characteristics that a semiconductor switch
to control pulse width (on-off retio) used for input-output insulated DC
-DC converter or DC-AC Inverter and high frequency switch is commonly
used in single phase input high frequency hybrid rectification method

mentioned in Claim No.4, or the conventional DC-AC inverter.



ripple voltage under actual use for the invented nmethod. Seein
6, it i-s clear that ripple is reduced by addirg aUX|I|ary rec |fm@r
conposed of capacitors and di odes. However, inprovenent in effiicie
the circuit is saturated because eff|C|ency i s reduced by vol &=

t he di odes, even if the nunber of elenment7is increased than the actual =
exnple of Fig. 6 (4). Accordingly, the circuit-of Fig.6 (4) or-a circuit

wi th anot her booster circuit are-suitable to increase cost perfornmance and

to reduce a vol SINGIENEHASE) INPUTUHYERID RICTHETOATION MeTibs | owest and hi ghest

el ements of the diodes for auxiliary rectifier need the high voltage

el ements because input AC voltage is directly put when AC power on.

However, it is possible to reduce pow%gnh&%s caused by forward voltage drop
of the diodes by using a el enent A - '

The present invention provides Single phase input fundamental and-
harmonic component hybrid rectification method having the character

* -istics that higher efficiency them a conventional single phase full
bridge rectifier circiit can be obtained by putting the rippl'é pover
(hnrﬁonic component) rectifier and the auxiliary rectified DC component
addson the fundamental DC component, and provides single phaSe input
hybrid.rectifieation method (Claim No. 2) haﬁing characterisics that
higher efficiency than a conventional LC_fiIfer type rectifier circuit
can be obtained by putting the fippl-e voltage (harmoiic component)
rectifier and the auxilialy rectified DC component adds on the

fundamental wave DC component.
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10 with I ow voltage but |ower forward voltage drop |i ke a shottkey barrier
di ode because an internmedi ate di odes are put. by devided voltage. Fig. 7 (1)
shows a relatively mddle or large capacity rectifier circuit with over 100
W DC out put power, which is adopted conventional and popular LC filter.

Fig. 7 (2) [err] Fig. 7 (8) show an actual exanple of the invented
recfication method when used for the above circuit. It is quite natural

that the ripple voltage involved in DC output voltage is |lower than the
exanples shown in Fig. 5 and Fig. 6 and it is useful for all kinds of DC
power supply. Fig. 7 (2) shows that inprovenent in efficiency and decrease
of ripple voltage (or power) before snoothing are given by converting

ripple
/73

F/G. 7T

1000

l\» current waveform

800 | | I V

__,__'Linit of
N Harmonic Current

BT,
ﬂ T
\\ r S

600

Harmonic Current (mA)
]

200 \

[~

0 | o=

2 29 33 7 41
1357911131517192123527 31 353 39

Number of Harmonic Currents




voltage to DC voltage in the front stage of a choke coil through an
auxiliary rectifier circuit (encircled wwth a doted Iine) shown in Fig. 5
and Fig. 6 and by adding it to output power of a single phase full bridge
main rectifier circuit conposed of diode [err] and [err]. OmMng to this, it
I's possible to decrease rated capacity of a choke coil in proportion to the
decrease of ripple voltage putting to a choke coil, and possible to be.
mnimzed and to inprove efficiency by reducing internal |oss. An
auxiliary rectifier circuit encircled by a dot line in Fig. 7 (2) shows the
circuit nethod of Fig. 6 (2) for exaaﬁkéﬂ?mhich I s however al nost sanme as
the circuit method of Fig.6 (3) or Fig. 6 (4). The suitable nethod is
shoul d be sel ected dependi ng on cost perfornmance, size or total efficiency.
Fig. 7 (3) shows a rectifier circuit where a capacitor for snmoothing filter
in an auxiliary rectifier circuit and a capacitor for LC filter -
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of a main rectifier circuit are conmmonly used when the ripple (AC) power
occured on the both side of a choke coil is converted to DC power through
the auxiliary circuit encircled with a doted Iine, and which is snmall and
has the fewest elenments in total and keeps best cost performance. Fig. 7
(4) shows that ripple voltage in the front stage of a choke coil is
decreased than the DC output wave of Fig. 6 (4) in spite of small nunber of
capacitors and di odes by setting the secondary coil on a choke coil and
stepping up the ripple voltage involved in output power of a signle phase
full bridge rectifier circuit with auto transforner function, and noreover,
by being rectified through an auxiliary
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rectifier circuit. Consequently, it is possible to mnimze the rated
capacity of a choke coil and keep the DC output ripple voltage wthin the
specification to be available for actual use. Fig. -7 (5 shows a nethod
made by reducing the circuit elenment of Fig. 7 (4) and sinplifying the
circuit to increase cost performance. Fig. 7 (6) shows a nethod to put the
ri pple voltage occurred in the secondary coil of a choke coil after ful
bridge rectified by D2, D4, [err] and [err] in parallel to single phase
full bridge rectified output voltage conposed of [err] and [err] and [err]
are comonly used for main rectifierégyyﬁauxiliary rectifier. Though [err]
are seens to be equivalent to a 3 phdSe’full bridge rectifier circuit, they
are not exactly equivalent to 3 phase ful
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12 bridge, because [err] are put with 50Hz i nput voltage and [err] [err]
and [err] are put with 100Hz ripple (harnonic conponent) voltage which is
thé second harnonic. Fig. 7 (7) and Fig. 7 (8) are the transformation. Fig.
7 (8) is anmethod to put auxiliary rectified output power to the DC out put
side, and Fig. 7 (7) is a nethod to supply a half of ripple power to each
front and | ater stage of a choke coil. zglz ted above, various circuit

nmet hods are adopted for this invented e#¥1£¥ency i nproved net hod. However,
the integrated and conmon concept is to inprove rectifier efficiency by
transformng the ripple power (harnonic conponent), disregarded by the

conventional single phase full F/ G 5’
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bridge rectifier circuit, into DC power and by adding to the conventi onal
DC out put power, which is the basic concept of this invention. And, DC

out put/AC input value of Fig. 5 and Fig. 7 are confirmed by experinents,
and the value shows clearly inprovenent in efficiency and power factor.
Fig. 8 Fig. 9 and Fig. 10 shows another actual exanples. That is: Fig. 8
shows an exanpl e of input output noninsul ated high frequency hybrid
rectification nethod, which has a chargzﬁﬁgistic to insert a sem conductor
switch (S) between a single phase full i“dge rectifier circuit and LC
filter and give on off control to the sem conductor switch (S) at sonme KHz
[err] sone 100 KHz. This nmethod is able to not only PWM control DC out put

- vol tage but al so
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13 greatly mnimze the value, capacity and wei ght of a choke coil (L) and
a capacitor (C. Accordingly, it is possible to realize the mnim zation
and light weight for total power supply equipnent. Fig. 9 shows an exanple
of input output insulated high frequency hybrid rectification method DC DC
converter (for small capacity with a one transistor). That is, when the

I nvented nethod is applied for a DC-Dcuﬁpyﬁpr with one transistor type to
obtai n snoot hed DC out put power by insdl‘atng AC i nput side and DC out put
side, high frequency current [err] to charge_t he high capacity electrolytic
condenser on the input side of'DC-DErq6m5§rUZ?,and hi gh frequency current
(i2) to control output power of DC-DC converter are summed up and put to

the switchin
i . . DC output
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transistor (S). As [err] and [err] runs through the route shown with a
dotted-line and are given pulse width control, the normal ripple voltage
occurrs in DC | oad and the sane perfornmance as the conventional DC-DC
converter is kept. Seeing fromthe test results, the rate of DC out put
power and AC i nput power in the circuit of Fig. 8 is approx. 75%[err] 80%
ratherl ower than the circuit of Fig. 7, though there is sone difference
dependi ng on the output capacity or the performance of conponents used.
Nevert hel ess, power factor efficiency are remarkably inproved conpared with
t he conventional sw tching regul ator whose rate of DC output power and AC

i nput power is 50%[err] 65% And the ha@fifcs in | ow frequency zone (3rd
to 19th) involved in input current is fully reduced and neets the | EC
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14 Fig. 10 shows an exanple of conbination of a popular push pull type
DC-DC .converter with two transistor type to obtain output power with | arge
capacity and this invented hybrid rectification method. This neans that
various application is possible for this invented hybrid rectification

met hod. Fig.11 (1),(2) and (3) shows circuit configurations when the
circuits of Fig.6, Fig.7 and Fig.9 are commonly used with 100/ 115V and
200/ 230V conpati bl e. As precisely explained above, this invention is able
to realize ACto DC conversion with little harnmonic conponent, and able to
save 10 [err]15% of input power than thedAbfFentional nethod and keep nore
t han 85% of '
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power factor by using single phase input hybrid rectification nethod to add
the rerectified DC conponent of the ripple power (AC conponent) to the
fundanment al wave DC conponent. Besides, it can decrease the hanonic
conponents to AC input current. And it is also able to realize various
singl e phase input hybrid rectifier circuits with little cost increase and
with limtation free frompower capacity range. WE CLAIM 1. A single
phase i nput (fundanental and harnoni c conponent) hybrid rectification

nmet hod havi ng characteristics that hi ghtej /fjazm ency than a conventi onal
singl e phase full bridge rectifier circ 4

I

3 2

= I
G TH

E‘El% v

= g

T

-
=

FIG 70

‘i
P, P:Push Pull

AC input
~y
o



obtained by putting the ripple voltage (harnonic conponent) rerectifier and
the auxiliary rectified DC conponent adds on the fundanental DC conponent.
2. A single phase input hybrid rectification nethod having characteristics
t hat higher efficiency than a conventional LC filter type rectifier circuit
can be obtained by putting the ripple voltage (harnonic conponent)
rerectifier and the auxiliary rectified DC conponent adds on the
fundanment al wave DC conponent. 3. A single phase input hybrid rectification
met hod havi ng characteristics that higher efficiency than a single phase
full bridge rectifier circuit or 2 phase half bridge rectifier circuit can
be obtain ed by inserting LC filter conegaz%agf a choke coil with step up
secondary coil and a snoot hi ng capaciton y putting the ripple voltage
(AC voltage) rectifier circuit connected with the secondary
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coil and auxiliary rectified DC conponent adds on the fundanental wave DC
conponent. 4. In a single phase input hybrid rectification nethod nentioned
inm ClaimNo.2 by putting a sem conductor switch between rectifier el enent
and LC filter and by giving on.off control at sufficiently higher frequency
than i nput AC frequency to the sem conductor sw tch, and noreover, by

adj usting DC output voltage with controlling on off ratio (duty factor).
5. A DC-DC converter using single phase input high frequency hybrid
rectification nethod having characteristics that a sem conductor switch to
control pulse width (on off retio) use}dZW‘?i nput output insulated DC
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-DC converter or DC-AC Inverter and high frequency switch is commonly used

I n single phase input high frequency hybrid rectification nethod nentioned
in CaimNo.4, or the conventional DC AC inverter.
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SINGLE PHASE INPUT HYBRID RECTIFICATION METHOD

ABSTRACT

'l'hé present invention provides Single phase inbut fundamental and
hafngonic component hybrid rectification method having the character
-istics that higher efficiency than a2 conventional single phase full
bridge rectifier circuit can be obtained by puttiné‘ the ripple power
(harmonic component) rectifier and the auxiliary rectified DC.component
addson the fuﬁdamehtal DC component, aﬁd provides single phase input
hybrid rectification method (Claim No. 2) having characterisics that
higher efficieﬁcy-than a conventional LC filter type rectifier circuit
- can be cbtained by putting the rippl.e voltage (harmoic component)
rectifier and the auxilialy rectified DC c(fmponent adds on the

fundamental wave DC component.

Figure 5



