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TI TLE OF. THE- | NVENTI ON Si ngl e Phase | nput-Three Phase Full Bridge Rectifier
~ Circui't And Single Phase |nput-Pseudo Four . Phase Full Bridge Rectifier’
Circuit FlLELD OF THE | NVENTI ON The present invention is relative to single
phase |nput Three .phase full bridge rectifier circuit and Single phase

i nput=Pselido four ‘phase full bridge rettifier circuit. To be nore precise,

t he pfesentnlmgegjntn-;gnmvgnﬂgkat|ve to Single phase input- Three phase full
bridge rectifier circuit and single phase input-Pseudo four phase ful
bridge rectifi ersinglecRlate Usput-Tioresvitcee Ful B BHi o, R&dthfichf Direait And

communi cati on equi pnents, electronic equipnments such as conputers, office
aut omat i on nachiSiegle| Phase dopyt-Reasidp four Phase fuhidBridgadiestifieoklinguitachi nes,
| i ghting apparatus, industrial notor controllers, or swtching power supply
for :

FIELD OF THE INVENTION

'The present invention is relative tg;Sing1e phase input-Three phase full
bridge rectifier circuit and Single phase input-Pseudo four phase full bridge
rectifier circuit. |

To be more precise, the present invention is relative to Single phase input-

Three phase full bridge rectifier circuit and single phase input-Pseuds four
phase fﬁ11 bridge rectifier circuit used for videos, audios, all information-
communication equipments, electronic equipments such as computers, office
automation machines 1ike copy machines, air conditioners, cpnking machines,
lighting apparatus, industrial motor controllers, or sw%tching power supply for

AC output devices 1ike uninterruptible powér supply Units.

ﬁRIDR ART

Until no@, éwitching power supply is generally used for videos, audios, all
information . communication eqqipments, electronic equipments 1ike computers,
office automation machines 1ike copy machines, air conditioners, cooking
machines, lighting apparatus, industrial motor controliers, or switching power
sﬁpp1y for AC output equipments 1ike_uninterruptib1e powéf supply Units.

The demand for switching power supply is rapidly increasing as the improved
switching for semiconductors or proprietary controlier LS| anﬂ magnetic
materials and condensers are having high frequency Charactéristics.

However, recently it is pointed out that harmonic current occurred by
switching*power supply céusés e]ectro—magnetic interference to commercial power
Tine.

In conjunction with fhis.prob1em, it is also pointed out that low power



AC out put devices like uninterruptible power supply Units. PRIOR ART Unti l
now, swtching power supply is generally used for videos, audios, al
information . communi cation equi prents, electronic equipnents i ke
conputers, office automation machines |ike .copy machi nes, air conditioners,
cooking nachines l'ighting apparatus, 4ndustrial notor controllers or
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suppl y Unlts enan supp y 1S rapidly Increasing
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and magnetic materials and condensers are having high frequency

char act eri & témhon HieobMml , recently it is pointed out that harnonic current
occurred by swi tching power supply causes electronmagnetic interference to
comerci al powdowadaye, IEC (International Electrotechnical Commission) decided to
regulate harmonic current occurred by switching power supply and low power
| factor, and the-guidejines by Japan are also required.

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
devices, Class B for motor tools, Class C for 1ighting apparatus and Class D for
equipment having specialized/peak current waveforms not exceeding 600 watt.
Therafore, E1ectronic_equipments excepf a kind of air conditioner and almost -
all AC input equipments are involved in Class D.

An especially important regulation in these regulations on harmqnié current
is on a single phase ﬁapacitor input type rectifier circuit, generally uéed for
switching power supply.

For example, Fig.1 shows that concerning a single phase capacitor input
type rectifier circuit used for TV (230v, 230W) for Eurapean_market, harmonic
current value of a11 odd order harmonics from third harmonic to 19th harmonic
largely exceeds |EC Standard, (so1id Tine in Fig.1).

Products with such switching power supply are 1ikely to be unable to be
sold fn futurs.

“Until now, sévera1.circuits have been suggestéd as guidelines against the
regulations on harmohic.current. Among them, an input choke coil circuit, one
transistor converter method (input capacitorless methﬁd), and active filter
method are generally used.

An iﬁput choke coil circuit has a circuit configuration as sﬁown in Fig.2
(1) for example, and a choke coil is inserted from AC input side. This
configuration s1ightly meets the above-mentioned 1EC Standard. |

For example, when a bhoke coil is inserted into the input side of a single



- In conjunction with this problem it is also pointed out that |ow power

2 factor occurred by switching power supply causes waste of natural energy
resource. These problens are now drawing the attention of advanced
countries as a common problem Nowadays, |EC (International

El ecty ot echni cal Comm ssion) decided t regul ate harnmoni c current occurred
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harmonics from third harmonic to 19th harmonic are lower than IEC Standard
(solid 1ine in Fig.). However, bower factor of an input choke coil cfrcuit is
generally 0.75~0.8 as shown in Fig.4, for example, yhich meets the Towest
value, 0.75, of |EC Standard, but it is not eﬁough. 5ti1l1 there are lots of
apparent power.

It is clear that the occurrence of harmonic current in an input choke coil
cifcuit is caused by charging curfent of a capacitor directly connected with
full bridge rectifier output. Accordingly, pulse width modulation (PWM)
switching technology exc1uding a capacitor Has been tried.

The type of circuit for pulse width modulation is devided into one
transistor converter method and active filter method.

One transistor cﬁnverter method has a configuration as shown in Fig.2 (2)
for example. Though it has soﬁe advantages as to cost, conversion efficiency,
power factor, or power line harmonic, but also has a weak point that it is’
unable to produce output power when AC input voltage instantaneous value ié at
around 0. Moreover, one transistor converter method has a great weak point that
noise at high-speed switching 1eaks to AC power line side because of lack of a
large capacitor at power line side.

Accordingly, switching power supply using one transistor converter method
is cnnsidérab1y Timited to use.

whereas, active filter method has a circuit configuration as shown in Fig.2
(3). This method ‘has close to unity power factur; but needs another switching
circuit to improve power factor in addition to switching of a DC-DC converter.
This makes the cost inqrease.and makes conversion efficiency decrease by a few
percent with the increase of high frequency noise.

Moreover, the above-mentioned input choke coil circuit method has a weak

point that a device-is 1imited not to be small and 1ight weight because of a



devices, Class B for notor tools, Class C for lighting apparatus and C ass
D for equi pnrent havi ng speci ali zed/ peak current waveforns not exceedi ng 600
watt. Therefore, Electronic equi pnents except a kind of air conditioner and
al most all AC i nput equi prents are involved in Cass 0. An especially

i nporgant regulation in these regulatijons on harnonic current is on a
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in Fig.1l). Products with such sw tching pomer supply are likely to be
unabl e to Ithe Dl thadnvaridtioes.
As stated above, guidelines against current harmonic limitation and for
improvement of power factor in the former switching power supply accompany

negative factors such as increase of cost, decrease of conversion efficiency or

increase of size and weight.

SUMMARY OF THE INVENTICON .

The present invention was given under the circumstances and aims to give
Single phase input-Three phase full bridge rectifier circuit lower increase of
cost and Timitation frée of power cépacity range, and give small and 1ight
weighthing1a phase input-Pseudo four phase full bridge rectifier circuit which
keeps the constant voltage under the DC load variations, by overcoming the
technical problems and improving radically conversion efficiency, power factor
and power 1line harmonic.

(I) Single phase input-Three phase full bridge rectifier circuit
To solve the above prop1ems, this invention gives Single phase inpﬁE-Three
phase full bridge rectifier circuit having the following characteristic process:
First :Commect one input terminal of a single phasa AC input terminal with one
terminal of a capacitor, and commect another terminal with one terminal
of a choke coil. Make the third terminal by connecting anofher terminal
of a capacitor and another terminal of a choke cnii.
Connect 2 single phase AC input terminals and the third terminal with the
AC input terminal of a 3 phase full bridge.

Second:By fixing the value of the above-mentioned gapabitnr and choke coil
corresponding to the DC load reﬁistance value of a DC ocutput terminal,

an equivalent 3 phase rectifier circuit is composed, whereby, 3 phase



Until now, several circuits have been suggested as gui delines against the
regul ati ons on harnmonic current. Anong them an input choke coil circuit,
one transji stor converter nethod (input capacitorless nmethod), and active
filter method are generally used. An input choke coil circuit has a circuit

configuration as shown in Fig.2 (1) foy exanple, -and a choke coil is
inserted from ACei{yPut ik dRcti g on slightly neets the
above-nenti oned IE@ g é%g tfﬁib\s weigg%t)lf]%%\?/ﬁen a choke coil is inserted

into the ing ssdﬁymfplﬁsﬁhﬁgltepseud@ fBlR pRaseaNAG Bratigd MeeYifismeircact.i fier
circuit used or TV (230V, 230W for
As the second invention, the present invention gives Single phase input-
Pseudo four phase full bridge rectifier circuit having the following
characterstic process:
First QUne input terminal of s{ng1e phase AC input terminals is called the first
terminal, and another terminal is called the second terminal.
Connect the circuit element directly connected with a bidirectional
semiconductor switching element, a choke coil and a capacitor between
the first terminal and the second terminal.
The third terminaT is the comnection point of a capacitor and a choke
coil of this circuit element, and the fourth terminal is the connedtion
point of a choke coil and a bidirectional semiconductor switching
element.
Comnect these four inbut terminals with four AC input terminals of 4
phase full bridge rectifier circuit,-and connect DC load with plus and
minus DC output terminals.
Second:By changing the phase angle ‘or on-off ratib of the above bidirectional
semiconductor switching element depending on the value of DC output

voltage or DC output current, DC ocutput voltage or DC output current is

~ad justed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1 shows a relation between number and value of harmonic current of the
conventional input papacitor type circuit;

Fig.2 shows a circuit configurations having the typical harmonic reduction
method.

Fig.3 shows a-re1ation between.number and value of harmonic current of the

conventional input-choké Eoi1 type circuit.



Eur opean market as shown in Fig.3, harnonic current values of all odd order
harnmonics fromthird harnmonic to 19th harnonic are | ower than | EC Standard
(solid line in Fig.). However, power factor of.an input choke coil circuit

is generally 0.75~0.8 as shown in Fig.4, for exanple, which neets the

| onest value, 0.75, of IEC Standard, hut it is not enough. Still there are
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in an input cho circulrt 1's cause rging current o capaci t or

directly cQinfsricsshalVdibedigl! bridge rectifier output. Accordingly, pulse
wi dt h nodul ati on (PW) swi tching technol ogy excluding a capacitor has been

tried. The typeFed.5cHowsiad ciuipebnriguratitn Ehckingttheninventid\didgte piese one
transi stor converter nethod and active filter method. One transistor
converter nmpodhieesprase diolll duidge cectabieshoimnuita Fig. 2 (2)
Fig.6 shows a configuration of single phase AC circuit.
Fig.7 shows a configuration of singfe phase Full bridge DC circuit.
Fig.8 shows a configuration of convgrsion circuit from single bhase to 3
phase. -
Fig.9 (A)(B) show circuit cbnfigurations showing each the invented Single
phase input-Pseudo four bhase fﬁ11 bridge rectifier circuit.
Fig.10 shows an another circuit configuration showing the invented Single
phase input-Pseudo four phase full bridge rectifier-circuit.
Fig.11 shows a circuit configuration and wave forms of fixed to valiable
inductance cﬁoke coil part. ' | |
Fig.12 shows a circuit configuration showing the invented Single phése
input-Three phase full bridge rectifier circuit.
Fig.13 shows a voTtage and current wave forms of the invented Single phase
input-Three phase full bridge rectifier circuit. |
Fig.i4 shows a voltage wave form at 1oad variation of the invented Single
'phase input-Three phaée full bridge rectifiér cirocuit.
Fig.15 shows a each testing value of the conventional circuits and the
Invented Single phase input-Three phase full bridge rectifier circuit.
. Fig.16 (Ai(B) show circuit configurations showing each actual example of
the invented Singls phase input-Three phase fu11 bridge rectifier circuit
applied for switching regurators.
Fig.17 (A)(B)(C) shows circuit configurations showing each actual example
of the invented Single phase input-Three phase full bridge rectifier circuit
applied for television receivers. .

Fig.18 shows a circuit configuration showing an actual example of the



for -.exanple. Though it has sone advantages as to cost, conversion _
efficiency, power factor, or power |ine harnonic, but also has a weak point
that it is unable to produce out put power when AC input voltage

I nstant aneous value is at around 0. Mdreover, one transistor converter -
met hod has a great weak point that noi s¢ at hi gh-speed switching | eaks to

I f f I power. |ine. side.
Accorar ngl y iR G Bes ﬁ@%%hy%es?ﬂags%r 1R e Plecreir b

i s consi der #akYndtbFichREholi fertise. \Wiereas, active filter nethod has a circuit
configuration as shown in Fig.2 (3). This met hod "has close to unity power

factor,. but need§ignotdmeus INEirelit) domfigeration Shdwihy Qﬁeaoeﬁﬁfl’eéxafnﬁfé 8 thi
addltlon to switching of a DC-DC converter. This nmakes the cost 1ncrease

~and nakes cdmventeil GingYef phrEse ninputiTbrem plasbyfud 1 fieidgee rastit ien dikcditeagpiséease
of high f re%ﬁ nu%%npe?-lniﬁ:lbw power supply.

Fig.20 shows a circuit configuration showing an actual example of the
invented Single phase input-Three phase full bridge rectifier circuit applied
for inverter type air conditioner.

Fig.21 shows a circuit configuration showing an actual example of the
invented Single phase input-Three phase full bridge rectifier circuit applied
for inductioﬁ heating typé cooking apparatus.

Fig.22 shows each testing value of the Invented Single phase input-Pseudo
four phase full bridge rectifier circuit.

Fig.23 (A)(B) show circuit configurations showing each actual example of
the invented Single phase inqu—Pseuda four phase full bridge rectifier
circuit. | |

| Fig.24 (A)(B)(C) show circuit configurations showing each actual example
of the invented Single phase input-Pseudo four phase full bridge rectifier
-cifcuit applied for television raceivers.

Fig.25 shows a circuit configuration showing an actual gxamp]a of the
invented Single phase input-Pseudo four phase full bridge rectifier circuit
applied for motor controller.

Fig.26 shows a circuit configuration showing an actual éxamp]e of the
invented Single phase input-Pseudo four phase fu11'bridge rectifier circuit

applied for uninterrupt power supply.

DETAILED DESCRIPTION OF THE INVENTION
(I) Single phase input-Three phase full bridge rectifier circuit

Fig.5 shows one status of Single phase input-Three phase full bridge



Mor eover, the above-nentioned i nput choke coil circuit nethod has a weak
point that a device is limted not to be snall and |ight wei ght because of
a 4 heavy and | arge choke coil. In case that a circuit is used for a
continuously and wi dely variable | oad nachine |like a conmputer controlled
inverter type air conditioner, it is dgsirable for a circuit to keep the

const ant VOH& 'a\ln&%u{'pe. &9?" 'I%ﬂ'g o\ﬁgitala:%% rgpﬁi'ciéﬁyséu%:e% ﬁp%vgdnv uség{le l)lr n?ﬁ

agai nst current arnmonic. limtation an | mproverment o ower

the former gmiikfdtchhroRIMN poweP NaktdiC ¢9 GRARY by 88 Mg YRl éfkaie such as
increase of cost, decrease of conversion efficiency or

Then, | hereby compare conversion efficiency of the invented Sing1e phase
input-Three phase full bridge rectifier circuit and the conventional single
phase full bridge rectifier.circuit basing upon the actual calculation. '

To compare with the invented Single phase input—Threé phase full bridge
fectifier circuit, a single phase AC circuit (Fig.6), a single phase full
bridge rectifier circuit (Fig.7) and a single to 3 phase cnnyersinn circuft
(Fig.8) are éhown for example.

Voltage, current and power of each circuit are defined as follows:

In the single phase AC circuit in Fig.6,

e, 1is: AC input voltage
i, is: AC input current
P,c iS: AC input power

When the same AC input voltage (e:), AC input current (i:) and AC input
pnﬁer (P.c) as of Fig.6 are used for.a single phase full bridge rectifier
circuit (Fig.7), DC output voltage (E:), DC- output current (1.,) and DC output
power (P,c) are as shown in Fig.7.

As a result, it is clear that theoretically, DC outﬁut power(Ppc) does not
exceed B1% of AC input power(P,c). fhis means that energy of harmonic _
component invalved in single phase full bridge output wave forms is 19% and is
not used as DC output power.

Next is about a single to 3 phase conversion cfrcuit shown in Fig.B taking
account of a.sing1e phase AC circuit and a single phase full bridge rectifier
circuit.

This singie to 3 phase conversion circuit is a circuit to produce different
phase voltage from the vector of AC input voltage (e:) at the connection point
of C, and L, by connecting a series circuit of a capacitor (C,) and a choke

coil(L,) between two AC input terminals (1) and (2) as shown in Fig.8.



i ncrease of size and weight. SUMVARY OF THE | NVENTI ON The present invention
was given under the circunstances and ains to give Single phase input-Three
phase fult bridge rectifier circuit lower increase of cost and limtation
free of power capacity range, and give small and |ight weight Single phase
i nput - Pseudo four phase full bridge reatifier circuit which keeps the

constant vol t agg uer, the, O 4 aaglvarl aldians. -y sousr 681 B8 heaheghyi cal

probl enms and i nproving r y conversion efiiciéncy,’ power and

power |ine NaeBDRbEd phver) with"Sing1 P pAsR hdiRrte, T e6r RaRE14 phisPht d9uit

rectifier circurt To solve the above problens, this invéntion gives Single

phase i nput -uhg&eehdzasd tioH khdt AdOmpute 961 thger(er) BAdIAC fiput rgrishe( if §l isoxdnag
characteristic process: First :Connect one input termnal of a single phase
AC i nput teras tisd singlé pbase AC circuit and the single phase full bridge rectifier

circuit shown in Fig.6 and Fig.7, @he equation is as follows when i, ,i; and i.

of Fig.8 is i,/3 .
. ia s
3phase X —— Xe; =11 *° €
: 3 } cveeeeneeens (1)

Whereby, 83e: /i1 =3R4

Load resistance per phase = 3.8, /i; =3 R,

At first, the value of a capacitor(C,) and a choke coil(L:) of this single
to 3 phase conversionlcircuit is fixed to produce 3 phase AC.

When AC voltage vector diagram of triangle is shown as per Fig.a,.vo1tage
vector of L, and C, ‘'is e L and e,. At this time, current vectbr'of i has
the same phase as e; because of resistive, and current of i. advances 90° from
vector of ec bgcause of capacitive due to AC theory.

when absolute value is fixed as:

J 3 times of absolute value of ia

That is; 1’ 3is

Equation (2) is:

In the same way, when absolute value of i, is fixed as below:

J 3 times of absolute value ( I i, /3 I) of i,

Equation (3) is: .



term nal of a capacitor, and connect another termnal with one term nal of
a choke coil. Make the third term nal by connecting another term nal of a
capacitor *and another term nal of a choke coil. Connect 2 single phase AC
input termnals and the third termnal with the AC input termnal of a 3
phase full bridge. Second:By fixing the value of the above-nentioned
capaci tor "and choke coil corresponding ¥ the DC | oad resistance val ue of a
DC output term nal, an equival rectifier circuit is conposed,
wher eby, 3 phase , .5 fuyll bri%g rectifier mavefornhis made.

iv+is | = ﬁ_iq)’+if=2ic=—3‘—il ......... 3)

it is clear from the vector diagram, that parallel composite current
_(2i,/3) of C, and 3R, and paralls]l composite current(2i,/3) of L; and 3R; have
the same phase as sing]e phase AC input voltage(e:), or power factor 1.

Then, equivalent 3 pﬁase AC circuit.can be composed.

Moreover, the current vector of i, is only m;de of resistant component and
has the same phase as single AC input voltage (ei). Singie phase AC input
current (i,)is shown as the following equation (4) by arithmetically adding C,

and 3R, to component current i., or L, and 3R, to the component current i; :

Equation (4)is;

f
+

ig =izs+ (ig +ic) =iz + (i¢ +1i0)

As AC input power is e, - i, and AC output power is 3 phase . 8y « i, ,/3
e, 1,, same power consumption as P ,. =e i, of a single phase AC circuit is
realized by a 3 phase circuit.

Next is to fix the VnItége and the current uf each part of the invented
Sihg1e phase input-Three phase full bridge rectifier circuit.

When the condition ié same as the single phase full bridge rectifier circuit
of the above Fig.7, DC output voltage(Es), DC output current(ls), equivalent
output load resistance (Ra), AC current running through one arm of diode(is), 3 .
phase bridge AC input current (is), AC input current (i-), choke coil current
(is), capacitor current (is), AC input power (Pac) énd DC output power (épc)

are shown as the following equation (5):



( I'l ) Single phase input-Pseudo four phase full bridge rectifier circuit.
As the second invention, the present invention gives Single phase input-
Pseudo four phase full brldge rectifier circuit having the follow ng
characterstic process: First :One input term nal of single phase AC input
termnals is called the first termnalqqand another termnal is called the-
second termnal. Connect the circuit elenment directly connected with a

bi di rectional sem conductor switching elenment, a choke coil and a capacitor
between the first termnal and the second termnal. The.third termnal is

t he connection point of a capacitor and a choke coil of this circuit

el enment, and the fourt ermnal ist onnectign poi nt of a choke .coi

and a bi directi opal sk onducf (3r) (\2 cng) eJ___e_rTﬁrE =1.%5e,
. -2

2 2242,y 442 . .
Ia=E—'—"‘ Il= Il=(3)( T 11)= 3 11=0.611
2

Pac=e: * i7 =e) '0.85i| =0.85ey i1

G D

oc=Es Is —(

=0.8les ir



Connect these four input termnals with four AC i nput term nals of 4 phase
full bridge rectifier circuit, and connect DC | oad with plus and m nus DC
output term nals. Second: By changi ng the phase angle or on-off ratio of the
above_bidirectional sem conductor swi tching el enent dependi ng on the val ue
of DC’ out put voltage or DC output current, DC output voltage or DC output.

current is adj ugheds Bl %ﬁgﬁgl%%‘l h;ELEfDﬁa‘W'{@ T&?ﬁ%ﬁ*&‘?%u% need

rel ati on’ bet ween numer nlc curfen conventi ona
i nput capacig,o I’W@IEAGHhﬁut tpnwé?4 to %eﬁm\/\&xt%uﬁ'pbﬁéﬁ b.gaond,i gur atHeO vefitad NY -

t he typi cal harnonic reduction nethod. Fig.3 shows a relation between
nunber and Simgle pbésdﬂanpmtﬁ'ﬂweemhamfuuf biitge rectifier circuit can give
equivalent DC output to AC input power 0.85. e, + i,

This means 15% reduction of power consumption from the former single phase
full bridge rectifier circuit and approx. 100% power factor is maintained. And.
it also has an advantage that harmonic component leaked to AC input power line
side is sufficiently reduced. .

Fundamental reasons for these adyantagés are because of feasibility of DC
conversion with 1ittle harmonic component and feasibility of equivalent |
conyersiun efficiency to a 3 phase AC circuit by using 3 phase full bridge
rectifier. |

This means that when the invented Single phase input-Three phase full
bridge rectifier circuit is used for the power supply of single phase electric
apparatus having constant load such as the present TV, personal computers or
video tape recorders, approx.15% reduction of single phase AC power enerﬁy
resource on global basis witﬁout harmonic interferande td power lines is
possible. .

Moreover, under the operation principle of the above-mentioned Fig.8,
apparatus for 3 phase is able to operate with equivalent conversion efficiency
even by using a single phase circuit.

The invented Single phase input-Three phase full bridge rectifier circuit
needs one additional AC capacitor, one choke coil and 2 elements of rectifier
diode. Thé capacity of a choke coil{L.} which is a main element of high cost
is shown as 0.49. e; + i1 (VA) in equation (5) and below-mentioned equation (7)
, which is equfva1ent to 1/2 = 0.25. e, « i, of eguiavalent capacity of |
transformers, or equivalent to 1/4 of the capacity of single phase full bridge
insulated transformers. |

The AC capacitor (C:) of this invention is 154F, 100 WY when DC output



L

conventional input choke coil type circuit. 6 Fig.4 shows a relation
bet ween power consunption and power factor of the conventional circuit.
Fig.5 shows a circuit configuration showing the invented Single.phase

i nput - Three phase full bridge rectifier circuit. Fig.6 shows a
configuration of single phase AC circuigs Fig 7 shows a configuration of

et oo ot SHOR Ry PASE b BRI 2 SERb AL, o

It the choke coil and smoathing e1ectro1yt1c capacitor of the convent1ona1
type shown in the above Fig.2, cost same as C; and L. of the invented cquult,
the invented circuit needs only 2 additional eIementé.of rectffier diode to the
choke coil inserted circuit, the cost of which is between one transistor
converter type and choke cpil input type shown in the above Fig.2.

(II) Single phase input-Pseudo four phase full bridge rectifier circuit

The resultant impedance made with a bidirectional semiconductor switching -
element and a choke coil of Fig.9 is equivalent fa the impedance of a choke
coil of Single phase input-Three phase full bridge rectifier circuit of Fig.5.
This circuit is able to keep constant voltage control against load variation as
resﬁ]tant inductance in a choke coil is changeable by using a bidirectional
semiconductor.switching element. The circuit of Fig.10 has same operation
principle and capacity as the circuit of Fig.9.

Fig.2 (A)(B) show examples 5 circuit configuration of the invented single
phase input—Pseudd'four phase full bridge rectifier circuits. Figure 9 (A) is
indicated for principle circuit,'fig.g (B) is also indicated for practical
application. | | |

whare_sma11 choke coil is inserted with capacitor C, which acts as
smoothing capacitor current indicated in fig.13. There fore, AC input current
harmonic component is sufficently reduced. | |

Fig.10 show examples circuit configuration of Single phase input-Pseudo
four phase full bridge rectifier circuit, where the order of connection among a
bidirectional semiconductor switching element, a choke coil and a capacitor of
the circuit of Fig.9 jA)(B) are replaced.

The resultant impedance made with a bidirectional semiconductor switchiﬁg
element and a choke coil of Fig.9 (A)(B) is equivaIént to the impedance Ef a |
choke coil of Single phase input-Three phase full bridge rectifier 6ircuit of

Fig.5.



Fig.9 (A)(B) show circuit configurations showi ng each the invented Single
phase i nput-Pseudo four phase full bridge rectifier circuit. Fig.10 shows
an another circuit configuration showi ng the invented Single phase

i nput - Pseudo four phase full bridge rectifier circuit. Fig.1l1l shows a
circukrt Configuration and wave fornms of fixed to valiable inductance choke
coil part. Fig.12 shows _a circuit conftgurati on showi ng_the invented Single
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circuits angperiion principle and capacity as the circuit of Fig.9.

Fig.11 shows an examb1e circuit configuration of a choke coil part. Fig.11
(1) shows the existing circuit configuration with a choke coil where inductance
is fixed. Fig.11 (2) shows an example circuit configuration having variable
inductance. In this circuit, some inductance is fixed and other inductance is
variable.

The constant voltage or constant current is automatically controlled by
using a Eidirectiona] semiconductor switching element for this variable
inductance.

There are the following circuits which have variable inductance:

1) A circuit having a saturable reactor as a control device for variable

inductance

2) A circuit having a phase controlied thyristor and a diode bridge

3) A circuit having a transistor and a diode bridge

4) A circuit having a triac |

- Fig.11 (3) shows an example configuration of the circuit having a saturable
reactor. Though this circuit is smoothly and excellently able to control
constgnt_vo1tage, it is nﬁt useful af present becﬁuse of its big size and
weight, and high production cost.

Fig.11 (5) shows an example configuration of the circuit having a phase
contro11e¢ thyristor and a diode bridge. This circuit has an equivalent
control efficiency to the above-mentioned circuit with a saturable reactor, but
also has weak points such as high heating and degradation of efficiency because
of voltage drop in semiconductor when switching UN amounting to 2.5 ~ 3V (W

.at a phase controlled thyristor, 1.5 ~ 2 V at a diods bridge).

Fig.11 (6) shows an example configuration of the circuit having a



| nvented Single phase input-Three phase full bridge rectifier circuit.
Fig.16 (A)(B) show circuit configurations showi ng each actual exanple of
the invented Single phase input-Three phase full bridge rectifier circuit
applied for swtching-regurators. Fig.17 (A)(B)(C shows circuit
configurations show ng each actual exanple of the invented Single phase

i - Th hase full. bridge rectifi i rcui | jed f [ evi.si |
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circuit app ,
pulse with against the increase of load resistance, or the decrease of load

current. However, it has the same weak point as one transistor converter type
and active filter type such as high frequency electro magnetic wave interference
by high speed switching.
Fig.11 (4) shows an exaﬁp]e configuration of a cirecuit having a triac.
This circuit has equivalent cbntro1 efficiency to a circuit with a saturable
reaétnr, but has not weak points 1ike the above-mentioned circuits. The current
rqnning'through this circuit is extremely 1ittle when the phase angle of a
_triac is close to 180 degree. Not only its equivalent inductance is large, but
also it has pulsive current whose phase is delayed 90 degree on average from the
phase of input voltage. |
The capacity of fixed inductance of this circuit can.be.rgduced to 1/3 ~
1/5 of the capacity of the original inductance of the.circuit shown in Fig. 11
(1), that is, the capacity of inductance in a choke coil used by the existing
circuit. Conseqently, it is cjear that the circuit having a triac is the most
suitab1e.for a bidirectional semiconductor switching slement to control variable
inductance. |
Accordingly, the invented Single phase input-Pseudo four phase full bridge
rectifier bircuit uses variable inductance which consists of bidirectional .
semiconductor phase controlled element and a fixed part of choke coil capacity
makes small and 1ight weight. Moreover, more smooth and excellent automatic
constant voltage control can be given by using a triac as a bidirectional
semiconductor phase controlled element.
. Basing on the abové configuratfnn and characteristics, the invented Single
phase inpﬁt—Three phase full bridge rectifier circuit and Single phase input-
Pseudo four phase full bridge rectifier circuit can éonstitute a single phase

~input 3 phase full bridge rectifier circuit or a 4 phase full bridge rectifier



for motor controller. Fig.19 shows a circuit configuration show ng an
actual exanple of the invented Single phase input-Three phase full bridge
rectifier,circuit applied for uninterruptible power supply. Fig.20 shows a
circuit configuration showing an actual exanple of the invénted Single
phasesinput-Three phase full bridge rectlfler circuit applied for inverter
type air condit.ioner
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configurations showi ng each actual exanple of
"3 phase full bridge rectifier elements or 4 phase full bridge elements, whose .
value is away from the best value depending on load of output terminals.
They also can constitute a sin§1e phase input 3 phase full bridge rectifier

circuit or a single phase input 4 phase full bridge rectifier circuit having a
mechanism to cut off the above inventedlcapacitur or choke coil circuit
corresponding to shutting down the main load ecircuits without partial function
cirocuit, when an é1ectronic apparatus as DC main load is idle condition.

More detailed explanation for this invention is given below by showing

working examples.

Example 1

| The invented Single phase input-Three phase full bridge rectifier circuit
shpwn in Fig.12 is confirmed by computer simulation and experimgnt to
demonstrate the operation qf the invented Single phase input-Three phése full
bridge rectifier circuit.

At first, the value of L. ,C; and 3R; is fixed depending on i; and is of
the above equation (5). For comparison, voltage, current and power of a single
phase full bridge rectifiaf circuit is hypothetically assumed as the following
equation (6):

e =100V (E; =90V

i, = 1A - | 1. =0.9A
AC Side P ac=100W DC Side Ppo=B1 W | sreemrvrvonnes (6)
R =100 @ R, =100 Q

To obtain the equivalent DC output power, when AC input power frequency is

50 Hz, L, and C; of the above Fig.12 and is, is and e, of equation (5) is as



the invented Single phase input-Pseudo four phase full bridge rectifier
circuit. Fig.24 (A(B)(C show circuit configurations show ng each act ual
exanpl e of the invented Single phase input-Pseudo four phase full bridge
rectifier circuit applied for television receivers. Fig.25 shows a circuit
configuration showi ng an actual exarrplf of the invented Single phase

i nput - Pseudo four phase full bridge reczi fier circuit applied for notor
controller. f@lgwps shows a circuit configuration showi ng an actual exanple
of the invented Single phase input-Pseudo four phase full bridge rectifier
circuit applied for uninterrupt power supply. DETAILED DESCRI PTI ON OF THE

I NVENTION ( | ) Singlelphase =eput - Three phase full bridge rectifier
circuit

* Whereby, La = e'. =( 100 1
2w fig 100x/00.49%x 1A
=649mH

wC;: e, =iy

Whereby, C, = _0'49i1 — 0.49X 1AX10°* (uf)
. 27ffel IOOIXIOO
=15.6uF
feiertrseancascncnsnae (7)

o
Rs=6%a R=2%5X100Q=225Q

"And,

. Es =15E, =1. 35e, =-135V

2. 2
=1, =— X 0.9A= 0.6A
71 = 9

Poc=Es Is =0.81e, I, =81W

Is =

Pac=e: ‘0.85i1 =8 5W



Fig.5 shows one status of Single phase input-Three phase full bridge 8
rectificer circuit. Excellent operation efficiency such as high conversion
ef ficiency or high power factor is given by using this circuit. Then, |
hereby conpare conversion efficiency of the invented Single phase

i nput~Three phase full bridge rectifiqucircuit and the conventional single

ompar e vi t h t NS I HHEP T MV Ford@ ot it et iRk ef rigs Bl 70
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bridge rectifier circuit (Fig.7 single phase conversion circuit
the constant of the above equation (7) is the base.

{1> of Fig.ia shows a wave form when single phase AC power supply voltage
(e:) (Effective value 100V) is built up from zero phase of a sine
wave.

<2> shows voltage (e.) of a choke coil (L, ).

{3> shuws.vo1tage (e¢) of a cépacitor (C, }.

<4> shows DC output voltage (Ea),

These Fig. show that e, advances 60 ° from e, and e. delays 60° from e,
which demonstrates the occurrence of "equivalent 3 phase voltage.

<3> ~ <8> of Fig.13 show the corresponded current wave forms qf eaph

part. <5> shows AC input current(i.), <6> shows Ac current (ig) of a choke coil
(L2 ), <7> shows AC currant_(i;) of a capacitor(Cz:), and <8> shuws.Dc output
current (l3).

According to Fig. 13 <45, ripplé voltage is a 1ittle larger than the wave
form of a normal 3 phase full bridge. It i§ supposed to be caused by that AC

_ current (is) running through a capacitor (C:) of Fig.13 <7> is not a sine wave
and largely changed at the switching time of current of 3 phase diode, whereby,
it includes a 1ot of 5th harmonic.

And, as the current wave form of Fig.13 <5> is near to the.AC current wave
form of a general 3 phase full bridge rectifier circuit, it is also sﬁpposed
that input power factor of the invented Single phase input-Three phaée full
bridge rectifier circuit is about Unity.

when ripple volfage involved in DC output voltage is reduced by changing
the vé]ue of a capacitor(C:), inductance of a choke coil(L:) has the calculated
value from the theoretical value when assuming sine wave operation, and a
capacitor (C:) has its best value (minimum value of ripple voltage) at 90% of

"theoretical value.



(Fig.8) are shown for exanple. Voltage, current and power of each circuit
are defined as follows: In the single phase AC circuit in Fig.6, [err] is:
AC input voltage [err] is: AC input current PAC is: AC input power Wen the
same AC input voltage [err] AC input current [err] and AC i nput power (PAC
as of.Fig.6 are used for a single phas full bridge rectifier circuit
(Fig.7), DC output voltage [err ut current er&% and ﬁgfout

power [err] are Bs®@MBiH VIFF ‘5“ quéi" ¢} OGTHE conventer greg DLpAf,gnverter for

{eor et { Cal e ftall LatroP WP RBLIEN) o ARE RO RAGE ol Yo ACThARY

power ( PAC) . I'S nmeans ar en conponent "1 nvol

singl e phasgyrsiidred talste iAMiLPYE t&@é’%lfﬁﬁ:iﬁi hd 18 %oasith s %o sufficiently

smogthing by constant voltage control. It is also improved by insertion of a
' simple filter.

Fig.14 <9> ~ <11> show the variation range of 3 phase full bridge output
wave form when load resistance value chahges bj +10%, -10% on tha.hypothesis
thatthe 1oad controls constant voltage or constant current against input voltage
variation. Fig.14 <9> shows DC output voltage (Es) in this case, which has
-rather larger ripple voltage than perfept 3 phase full bridge output but fully
smaller than single phase full bridge and 3 phase half bridge. This is a small
matter for actual use.

Furthermore, <10> ahd <11> show that rippie or averagé value of output
vq]taga ars.different from the best value of <9>, which is also a small matter
for actual use. .

Equivalent 3 phase full bridge rectifier operation is confirmed by uéing
computer siﬁuihtion and actual experiments, and the correctness of simulation is
confirmed. .

And, Fig.is shows the-resuit of a test to demonstrate the invented Single
phase input-Three phase full bridge rectifier circuit. This result
demonstrates confﬁrmity of theoreticai value and measurement value in spite of

slightly leading error of measurement instrument.

Example 2

Fig.16 (A)(B) show example configurations of the invented Single phase
input-Three phase full bridge rectifier circuit applied to a conventional DC-DC
converter. By rep]aciﬁg the conventional single phase full bridge with a 3
phase full bridge, 15% reduction of effective AC input power is possible,

approx. 95% ~99% power factor is maintained, and power 1ine harmonic energy is



not used as DC out put power. Next is about a single to 3 phase conversion
circuit shown in Fig.8 taking account of a single phase AC circuit and a
single phase full bridge rectifier circuit. This single to 3 phase
conversion circuit is a circuit to produce different phase voltage fromthe
vector of AC input voltage [err] at thggconnection point of [err] and [err]
by connecti ries _circuit of a capacitor [err] and a choke coil ([err])
bet ween tmﬁ&gEﬁPﬁﬁafafgghinals (1) and (2) as shown in Fig.8. 9 1Inthis
single to %xgﬂﬁ§q3conversion circuit, to equalize the sumof 3

Fig.17 (A)(B)(C) show examples of the invented Single phase input-Three
phase full bridge rectifier circuit applied for many kinds of large or small TV
receiver. The method for connection is as same as Example 2, and the single
phase full bridge part of a public TV receiver is replaced by this invented
type.

As a result, AC input power, power factdr and power line harmonic energy

are improved such as Example 2.

Example 4

Fig.18, Fig.19, Fig.20 and Fig.21 show example configurations when the
actual example of the invented single phase-input-Three phase full bridge
rectifier circuit is incorpufated into the rectifier part of a DC-AC inverter
which produces 3 phase.ﬁr single phase Ac output.

In particular, equivalent conversion efficiency to 3 phase AC is given by
using single phase input. That is, energy saving, hidh power factor and

operation with 1ittle power 1ine harmonic energy are realized.

Examplie 5 _

The test result to demonstrate the invented Single phase input-Pseudo four
phase full bridge rectifier circuit is as shown in Fig.22. The result shows the
conformity of theoretical value and mesasurement value in spite of slightly
difference by a mesurement instrument.

Fig.23 (A)(B) show example configurations of the invented Single phase
input-Pseudo four phase full bridge rectifier circuit used for this test.

Fig.23 (A) shows an example configuration of a circuit for constant voltage
control over DC load variation.

Fig.23 (B) shows an example configuration of a circuit to improve power



phase | oad power with single phase power [err] [err] of a single phase AC
circuit under the condition that AC i nput voltage.[err] and AC i nput
current([err]) is sane as the single phase AC circuit and the single phase
full bridge rectifier circuit shown in Fig.6 and Fig.7, the equation is as
follows when [err] and i4 of Fig.8 is;ierr] 3 phase [err] 3 Wher eby,

Load t t, th of
capaci o ( (PR 2aha ceslioniorss pERTTY Soreuthie winameTets pnase

conversion circuit is fixed to produce 3 phase AC. Wien AC voltage vector
di agram.of triangle is shown as per Fig.8, voltage vector of [err] and
[err] is [enahpi@ng [err] At this tinme, current vector of [err] has

Fig.24 (A)(B) and (C) show example configurations of the invented Single
phase input-Pseudo four phase full bridge rectifier circuit when applied to a
conventional DC-DC converter.

By replacing the-cpnventiuna] sing1e°phase full bridge with a équivalent 4.
phase fu]l'bridge, effective AC input power is reduced by about 10%, approx. 95%

'~99% power factor is maintained and power 1ine harmonic energy is extremely

reduced.

Example 7

. Fig.25 and Fig.26 Shqws example configurations when the actu&1 example of
the invented Single phase input-Pseudo four phase full bridge rectifier circuit
is incorporated into the rectifier part of a DC-AC inverter which produces 3 |
phase or single phase AC output.

In particular, better conversion efficiency than single phase fu11jbridge
rectifier is given by using single phase iﬁput. That is, energy saving, higﬁ
power factor and operation with 1ittle power 1ine harmonic energy are possible.

Of course, this invention is ﬁossibTe to be used in many cases not only in
the above exampies. Though the cancrete'examp1a fs not shown here, for example,
it is possible to constitute for economy a single phase input 3 phase full
bridge rectifier circuit or a single phase input 4 phase fu]ﬁ bridge rectifier
circuit which can realize the characteristics of unbalanced 3 phase AC full
bridge rectifier having an inferior wave form to a full bridge rectified wave
form of normal 3 phase AC input by connected with a choke coil, a capacitor and
3 phase full bridge rectifier elements or 4 phase full bridge rectifier
elements, whose value is away from the best value depending on the load of

output terminals.



t he sane phase as [err] because of resistive, and current of ic advances
[err] fromvector of ec because of capacitive due to AC theory. Wen
absolute value is fixed as: 3 tines of absolute value of i3 That is;

[err] 1 Equation (2) is: [err] (2) I'n the same way, when absol ute val ue
of [err] is fixed as below [err] tines,of absolute value .[err] Equation

(3) 1s: It is also possible to constitute a single phase input 3 phase full bridge

rectifier circuit or a single phase input 4 phase full bridge rectifier circuit
having a mechanism to cut off the above invented capacitor or choke coil cirpuit
corresponding to shutting down the main Toad circuits without partial function
circuit, when main load is idle condition.

As precisely explained above, the invented Single phase input-Three phase
full bridge rectifier circuit makes DC conversion with 1ittle harmonic
component possible by using 3 phase full bridge rectifier circuit. _

And it is also possible to obtain equivalent conversion efficiency to 3
phasg AC circuit.10% reduction of power consumption is possible compared with
the conventional circuit, and 95 ~99% power factor is maintained. Besides,
harmonic component_to'AC input power line side is extremely reduced.

The invented Single phase input-Pseudo four phase fu11 bridge rectifier
circuit makes DC conversion with 1ittle harmonic component possible by using 4
phase full bridge rectifier circuit, and it is also possible to obtain
equivalent conversion efficiency to 3 phase AC circuit. 10% reduction of power
ponsumption is possibTé compared with the conventional circuit, and 90~98%
power factor is maintained. Furthermore, harmonic component to AC input power

" supply side is extremely reduced.

By using bidirectiona] semiconductor phase control element, as variable
inductance plus fixed choke coil cbnfiguration, it makes a choke coil small and
Tight weight. And, constant voltage control can be given by using a triac as a
bidirectional semiconductor phase control element.

Moreover, it can give a single phase input 3 phase full bridge rectifier
circuit and a single phase input pseudo 4 phase fu}] bridge rectifier circuit
which have a 1itt1e'increase of cost and Timitation free on power capacity
range.

It is possible to supply equivalently 3 phase AC power or 3 phase full

bridge rectified power from a single phase AC input circuit by using this



10 [err] (3) It is clear fromthe vector diagram that parallel conposite
current [err] of C, and [err] and parallel conposite current(2i,/3) of
[err] and [err] have the sane phase as single phase AC input -

vol tage([err]), or power factor 1. Then, equivalent 3 phase AC circuit can
be conposed. Mreover, the current vecjpr of [err] is only made of

resistant ¢ nent and t.he sa ase as single AC input voltage [err]
Si ngl e phas‘ge%v%%‘?rhﬁﬂﬁ pgﬁ?hﬁiﬁttu(c[pg}‘?nﬁ% )%?E@'shown as the follow ng equation
(4) by arithnetically adding [err] and [err] to conmponent current [err] or
[err] and [err] to the conponent current i2 Equation (4)is; [err] (4)



As AC input power is'e, * [err] and AC output power i Se * rr
[err] same power consunption as P AC [err] of a single \‘ﬂ“‘m ﬂ“l S
realized by a 3 phase circuit. Next is to fix the volta§ “

of each part of the invented Single phase i nput - Thr ee phase ¢f ukl %rldge
rectifier circuit. Wen the condition iz same as the single phase ful

bri dge recthghﬁ &IFCUII of the above Fig.7, DC output voltage(E3), DC
out put current(%err]) equi val ent out put | oad resistance [err] AC current
runni ng through one armof diode(i[err]), 3 phase bridge AC input current
([err]), ACinput current ([err]), choke coil current (is), capacitor
current ([enr])A thed phade POMEBrildgé rectifderDei i PU cofir8ing( E[mgﬁr FhaB QigN

as the follow ng equation (5):
input voltage means for providing input veltage,
an output DC voltage means coupled with said AC input voltage means for
providing output DC voltage from said AC input voltage, said DC output voltage
means including a phase conversion means from a 'single phase to three phase
which hés an inductor, a capacitor énd a three phase full bridge rectifier,
one of input terminals of said single phase AC input voltage means being
connected with one terminal of a capacitor, and another terminal of éaid
single phase AC input voltage means being connected with one of
terminals of a choke coil,
another terminal of the capaﬁitor being connected with another terminal of
said choke coil so as to form a third terminal,
two terminals of the singTe phase AC input voltage means and
said third terminal being connected with
input ternimals of said three phase full bridge rectifier:
wherein three phase full bridge rectifier waves are formed by respectively
selecting value of the capacitor and choke cpi1 corresponding -to DC load

resistance value of DC output terminal of the three phase full bridge rectifier.

2. A three phase full bridge rectifier circuit as claimed in claim 1, wherein

. a DC-DC converter is provided as a DC load resistance.

- 3. A pseudo four phase full bridge rectifier circuit, comprising a single
.phase AC input voltage means for proviqing an input voltage,
an output DC voltage means coupled with said AC input voltage means for
providing output DC voltage from said AC input voltage, said DC output voltage

means inciuding a phase conversion means from a single phase to four phase



[err] [err] [err] 12 That is, while the fornmer si'ngl e phase full bridge

rectifier circuit needs [err] of AC |nput power to r
0.81. [err] the invented Single phase input-Three pﬁmum:“mmmgw
rectifier circuit can give equival ent DC output to AC i rfput pbwet 0 85.

e[err] This means 15% reduction of powgg consunption fromthe former single

phase which have a capacitor, an inductor, a bi-directional semiconductor switch and a

four phase full bridge rectifier, a DC output voltage or current detecting
means, and a phase angle controlling means for said bi-directional semiconductor
switch, and a closed 1oop control means afe provided, .
one of input terminals of said single phase AC input being connected
with one of terminals of said capacitor, and another AC ihput terminal
being connected with one of terminals of said bi-directiona]I
semiconductor switch,
another terminal of the éapacitnr and one of terminals of said choke
coil, so as to form a third terminal, and another terminal of the choke
coil being connected with another term;na1 of the bi-directional
semiconductor switch so as to form a forth terminal,
two terminals of the single phase AC inpdt voltage means s;id
third terminal, and the said féurth terminal being connected with input
terminals of said four phase fulil bridge rectifier,
selected values of the capacitor and choke coil corresponding to DC l1oad
resistance value of DC output terminal of the four phase full bridge fectifiar,
and phase angle of the bi-directional semiconductnr switch is varied in

accordance with a variation of AC input voltage or DC output load current.

4. A pseudo four phase full bridge rectifier circuit as claimed in claim 3,

whersin a DC-DC converter is replaced as a DC load resistance.

5. A pseudo four phase full bridge rectifier circuit as claimed in claim 3,

wherein a DC-AC inverter is provided as a DC 10ad resistance.

6. A pseudo four phase full bridge rectifier circuit as claimed in claim 3,
wherein maximum DC output voltage is controlled to be equal to maximum AC imput

voltage by both said phase angle controlling means and said closed Toop



full bridge rectifier citcuit and approx. 100% power factor is naintained.

And it al so has an advantage that harnonic conpongﬂL_Leaked—Le—Ae—kﬁput
power line side is sufficiently reduced. Fundanent al ese
advant ages are because of feasibility of DC conver E‘Em‘”“ !)“E har nmoni ¢
conponent and feasibility of equi val engg conversion 3 phase
AC circuit b hase full bridge rectifier. This nmeans that when the
i nvent ed Siﬁé“@abﬂgige‘ﬁbut Three phase full bridge rectifier circuit is

used for the power supply of single phase electric apparatus having _
constant | oad such as the present - TV, personal conputers or video tape

recorders, QpprRpssfy FREYHaE® FuPl biidhe! feckiBer c‘tiLPi‘%V\S‘eF c?é‘ﬁn&&%nréi%%”sce on
gl obal basi s without harnonic interference to power lines I's possib
wherein a triac means is provided as said bi-directional semiconductors sw1tch

means.

8. A three phase full bridge rectifier circuit as claimed in claim 1, wherein

an electronic apparatus is provided as a DC 1oad resistancs.

9. A pseudo four phase full bridge rectifier circuit as claimed in claim 3,

wherein an electronic apparatus is provided as a DC Toad resistance.

10. A three phase full bridge rectifier circuit claimed in the claim 1, wherein

an AC output equipment is provided as a DC load resistance.

11. A pseudo four phase full bridge rectifier circuit as claimed in claim 3,

wherein an AC output equipment is provided as a DC 1oad resistance.

12. A three phase full bridge rectifier circuit as claimed in claim 1, wherein
values of the choke coil and capacitnace are adjusted to the one that deviates

from an optimum inductance and capacitance.

13. A pseudo four phase full bridge rectifier circuit as claimed in claim 3,
wherein value of the choke coil and capacitance are ad.justed to the one that

deviates from an optiﬁum'inductance and capacitance.

14. A three phase full bridge rectifier circuit as claimed in claim 1, wherein
a cut off mean is provided to cut off the capcitor, choke coil or closed loop

controlling means during an output load idle condition.



Moreover, under the operation principle of the above-nenti onfd =83 :
apparatus for 3 phase is able to, operate with equival ent co e?§$eHEETHASBEEN
effici ency even by using a single phase circuit. The invent | Ep

I nput - Three phase full bridge rectifier circuit needs one additiona

capacitor, one choke coil and 2 elenents?pf rectifier diode. The capacity

of a choke coiI:&Frr]) which is a main €l'enment of high cost is shown as

0.49. Terr] (VAILNGEE FHach INP-SYRERBUSE BULLTBRTDORC dECYVAL ERT{ROuM Ch is
equi valent to NGLE -PHASE (INPUT mﬁﬁ%m@/mesm: FUDRCBRYDGE REGUISH IHRYES S,
or equivalent t = f the capaC|ty of singl-e phase full bridge insurlated

transformers. The AC capacitor (Q@)g f RN g f.nvention is 15[ err]F, 100 W
when DC out put

The present tnvention praides Single phase input—Threé phase fdil bridge
rectifier circuit lower increase of cost and limitation free of pawef capacity _‘
range, and provides small and light weight S5ingle phase input-Pseudp four phase
full bridge rectifier circuit which keeps.thé éqnstant vu1taga under.the oc
1oad variationé by overcoming the technical problems and imbroving'radica11y
conversian efficvency, power factor and power line harmonlc |

51ng1e phase 1nput-Three phass’ fu11 bridge rectifier circuit havrng the
following characterxstic pracess:First :Connect one input terminal nf.a_s1n91e
phaée AC input terminal with ane termiﬁil of a cépacitor, aﬁd connect another

| terminal with one terminal of a choke c011.  Makg'the'third termiﬁal by=.
connecting anothsr-terminél qf-alcapaéitor anq anofher terminal bf a choge
~coil. | _ . _' N -
 Conmect 2 single phase AC input terminals and the third berminal with the
‘AC input terminal of a 3 phase full bridge. R '
Secand:By fixing the value of the sbove-mentioned capacitor and choke coil
7c6rrespouding to the Dc_1uad-fésistanca Value of a DC output terminai;
lan equivaﬁsnt 3 phase rectifier circuit is campased, uheraby. 3-phasa'-

full bridge rectifier wavefarm is made(



.13 power is about 80 W which is not expensive like 2 elenents of diode. If
the choke coil and snpothing electrolytic capacitor of the conventional
type shown in the above Fig.2, cost same as C2 and L2 of the invented
circuit, the invented circuit needs OE) 2 additional elenents of rectifier
di ode* to the choke coil inserted circtit, the cost of which is between one
transi stor converter type and choke coil input type shown in the above
Fig.2. (1l ) Single phase input-Pseudo four. phase full bridge rectifier
circuit The resultant inpedance made with a bidirectional sem conductor
switching el enment and a choke coil of Fig.9 i's equivalent to the inpedance
of a choke coil of Single phase input-Three phase full bridge rectifier
circuit of Fig.5. This circuit is able to keep constant voltage control
agai nst | oad variation as :
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resul tant inductance in a choke coil is changeable by using a bidirectional
sem conduct or .switching elenent. The circuit of Fig.1l0 has sanme operation
principle and capacity as the circuit of Fig.9. Fig.9 (A (B) show exanpl es
5 circuit configuration of the invented single phase input-Pseudo four
phases full bridge rectifier circuits.Hgure 9 (A) is indicated for
principle circuit, fig.9 (B) is also indicated for practical application.
Where small choke coil is inserted with capacitor C, which acts as
snoot hi ng capacitor current indicated in fig.13. There fore, AC input
current harnoni c conponent is sufficently reduced. Fig.10 show exanpl es
circuit configuration of Single phase input-Pseudo four phase full bridge
rectifier circuit, where the order of connection anong a bidirectional

sem conduct or “swi t gh . choke coil—and—a-capacitor of
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the circuit of Fig.9 (A (B) are replaced. The reéultant i npedance nmade with
a bidirectional sem conductor switching elenent and a choke coil of Fig.9
(A)(B) is equivalent to the inpedance of a choke coil of Single phase

i nput - Three phase full bridge rectifier circuit of Fig.5. 14 This
circuit is able to Keep constant volpg@g control against |oad variation as
resul tant inductance in a choke coil 1's changeabl e by using a bidirectional

sem conductor switching elenment. The circuit of Fig. 10 has same operation
principle and capacity as the circuit of Fig.9.
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Fig.11 shows an exanple circuit configuration of a choke coil part. Fig.1l1
(1) shows the existing circuit configuration with a choke coil where

i nductange is fixed. Fig.11 (2) shows an exanple circuit configuration
havi ng vari abl e inductance. In this circuit, sone inductance is fixed and.
ot her- i nductance is variable. The cong%gpt vol tage or constant current :is
automatically controlled by using a bi ectional sem conductor sw tching
el enent for this variable inductance. There are the following circuits

whi ch have variabl e inductance: 1) A circuit having a saturable reactor as
a control device for variable inductance 2) A circuit having a phase

controlled thyristor and a diode bridge 3) A circuit having a transistor
and -a di ode bridge
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4) Acircuit having a triac Fig.11 (3) shows an exanple configuration of
the circuit having a saturable reactor. Though this circuit is snoothly and
excellently able to control constant voltage, it is not useful at present
because of its big size and weight, and high production cost. Fig.1l1l (5)
shows an exanpl e configuration of themgrcuit having a phase controlled
thyristor and a diode bridge. This circuit has an equival ent control
efficiency to the above-nentioned circuit with a saturable reactor, but

al so has vveak/?ol nts sych as high heating and degradation of efficiency
because of vol/fade&ls og:l n sem conductor when s amounting to 2.5
~ 3 V (1lv at a phase controlled tfayrrptor], 115 4 2 V at a [di ode bridge).
Fig.1l1 (6) shows an exar&l 1%8{:”(%19 £ Jgof ithg circuit hgving a
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15 transistor and a diode bridge. This
control circuit, which is nore snoot hl
narrow ng pul se with against the incre
decrease of |oad current. However, it

transi stor converter type and active E
el ectro magnetic wave interference by

-shows an exanpl e configuration of a ci
has equi val ent contr ol

circuit is a high speed pulse with
y -able to control constant vol tage by
ase of | oad resistance, or the

has the same weak point as one

iﬁ&er type such as high frequency
ﬁlgh speed switching. Fig.1l1 (4)

rcuit having a triac. This circuit

efficiency to a circuit with a saturable reactor,
but has not weak points |like the above-nentioned circuits.

The current

running through this circuit is ext ren;q-'y/'lgt't Ig when t he phase angle of a

(C) Single phase—3 phase conversion
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triac is close to 180 degree. Not only its equival ent inductance is |arge,
but also it has pul sive current whose phase is del ayed 90 degree on average
from the.phase of input voltage. The capacity of fixed inductance of this
circuit can be reduced to 1/3 1/5 of the capacity of the original

i nductance of the circuit shown in Figy3pl (1), that is, the capacity of

I nductance in a choke coil used by the existing circuit. Consegently, it is
clear that the circuit having a triac is the nost suitable for a

bi di rectional sem conductor switching elenent to control variable

I nduct ance. Accordingly, the invented Single phase input-Pseudo four phase
full bridge rectifier circuit uses variable inductance which consists of

bi di rectional sem conductor phase controlled el enment and a fixed part of
choke coil capacity makes small and |ight weight. Mreover, nore snooth and

excel lent automatic
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constant voltage control can be given.by using a triac as a bidirectional
sem conduct or phase controlled el enent. Basing on the above configuration
and characteristics, the invented Single phase input-Three phase ful

bridge rectifier circuit and Single phase input- Pseudo four phase ful
bridge rectifier circuit can constitutggz@ single phase input 3 phase ful
bridge rectifier circuit or a 4 phase full bridge rectifier 16 circuit
whi ch can realize the characteristics of unbal anced 3 phase AC full bridge
rectifier having an inferior wave formto a full bridge rectified wave form
of normal 3 phase AC input by connected with a choke coil, a capacitor and
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3 phase full bridge rectifier elements or 4 phase full bridge el enents,
whose value is away fromthe best val ue dependi ng on'load of out put
termnals. They al so can constitute a si-ngle phase input 3 phase ful

bridge rectifier circuit or a single phase input 4 phase full bridge
rectifier circuit having a mechani smgpsgut off the above invented

capaci tor or choke coil circuit corresponding to shutting down the main
load circuits without partial function circuit, when an electronic
apparatus as DC main load is idle condition. Nbre detail ed expl anation for
this invention is-given bel ow by show ng worki ng exanpl es. Exanple 1 The
invented Single phase input-Three phase full bridge rectifier circuit shown
in Fig.12 is confirmed by conputer sinulation and experinent to denonstrate
the operation of the invented Single phase I nput - Three phase ful

Freg 77

o (1) Fixed choke coil (L)

— A o= ————0 B

0

i (2) Partially variable inductance
Aosgrl—rm—oB
Variable | f1xed

eL

¢

(8) Partially replaced
€. with controlled reactor

B o
i. fixed

Control input

0

;

jeL ' (4) Triac+fixed inductance
iv
A°+T;£a J—o B
N VR fixed
Phase controlled
e (5) Thyrlstori9d1ode bridge
v +fixed inductance
L Adk 0B
Ly ‘ fixed

Phase controlled

(6) Transistofngiode bridge
+fixed inductance
iy

A B
fixed L

High speed pulse width control




bridge rectifier circuit. At first, the value of L2 [err] and 3R3 is fixed
depending on [err] and [err] of the above equation (5). For conparison,
vol tage, .current and power of a single phase full bridge rectifier circuit

S hypothetlcally assuned as the follomnng equatien (6): [err]
[err]- = 1A [err} =0. 9A AC Si de PAC=100W

DC Si de [err] . oo B30%R  =100.0
[err] =100 Q To obtain the equivalent DC output power, when AC input power
frequency is 50 Hz, L2 and [err] of the above Fig:12 and [err] and [err] of

equation (5) is as
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17 follows: [err] Wereby, [err] 6 4 9nH [err] 0.49 i [err]

Whereby, C2 =Jerr] .... 7) [err] And, [err]
............... (8) o
| 11/30
Frg. 73
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-18 Vol tage and current wave forns of Single phase input-Three phase ful
bridge rectifier circuit by Fast Fourier transformis as shown in Fi'g.13
when t he .constant of the above equation (7) is the base. <1> of Fig.13
shows a wave form when single phase AC power supply voltage [err]
(Effective value 100V) is built up frqu ro phase of a sine wave. <2>
shows voltage [err] of a choke coil (L §f<3> shows voltage [err] of a
capacitor (C2 ). <4> shows DC output voltage (Eerr]).

Fig 14
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These Fig. show that [err] advances 60 [err] frome[err] and ec del ays
[err] from[err] which denonstrates the occurrence of equival ent 3 phase
vol tage. .<5> ~ <8> of Fig.13 show the corresponded current wave forns of
each part. <5> shows AC input current(i7), <6> shows AC current (i[err])
of a ‘choke coil (L[err] ), <7> shows Agymurrent ([err]) of a
capacitor((err]), and <8> shows DC output current (13). According to Fig.
13 <4>, ripple voltage is a little larger than the wave formof a normal 3
phase full bridge. It is supposed to be caused by that AC current [err]
runni ng through a capacitor [err] of Fig.13 <7>is not a sine wave and

| argely changed at the switching tinme of current of 3 phase di ode, whereby,
it includes a lot of 5th harnonic. And, as the current wave formof Fig.13
<5> is near to the AC current wave form of a general 3 phase full bridge
rectifier circuit, it is also supposed :
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Circuit aclaclaclocloclpclt s
W [ VO A (D) (%)
Capacitor'
capacitor 102 |1. 22|124.4]| 137 |0. 6285. 0{68.3
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that input power factor of the invented Single phase input-Three phase full
bridge rectifier circuit is about Unity. Wien ripple voltage involved in DC
out put voltage is reduced by changing the value of a
capacitor([err]),inductance of a choke coil([err]) has the cal cul ated val ue
fromthe theoretical value when assumpg.sine wave operation, and a
capacitor ([err]) has its best value (mnifnmum val ue of ripple voltage) at
90% of theoretical value. 19 For exanple, when a high frequency DC DC
converter or a DC-AC inverter for pulse width control is connected after
this circuit, some level of rippleis :
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considered to be input voltage variation and is possible to sufficiently
snoot hi ng by constant voltage control. It is also inproved by insertion of
a sinple.filter. Fig.14 <9> ~ <11> show the variation range of 3 phase ful
bri dge out put wave form when | oad resistance val ue changes by +10% -10% on
t he hypothesis thatthe | oad controls Qﬂ@gtant vol tage or constant current
agai nst input voltage variation. Fig.14 <9> shows DC output voltage ([err])
in this case, which has rather larger ripple voltage than perfect 3 phase
full bridge output but fully snmaller than single phase full bridge and 3
phase half bridge. This is a small matter for actual use. Furthernore, <10>
and <11> show that ripple or average val ue of output voltage are different
fromthe best value of <9> which is also a small matter for actual use.
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Equi val ent 3 phase full bridge rectifier operation is confirmed by using
conputer sinulation and actual experinents, and the correctness of
sirmulation is confirmed. And, Fig.15 shows the result of a test to
denonstrate the invented Single phase input-Three phase full bridge
rectifier circuit. This result denonstigtgs conformity of theoretical value
and neasurenent value in spite of slightly |eading error of nmeasurenent

i nstrunment. Exanple 2 Fig.16 (A) (B) show exanpl e configurations of the

i nvented Single phase input-Three phase full bridge rectifier circuit
applied to a conventional DC-DC converter. By replacing the conventi onal
single phase full bridge with a 3 phase full bridge, 15%  reduction of
effective AC i nput power is possible, approx. 95% ~99% power factor is

nai nt ai ned, and power |ine harnpnjc energ%%is
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20 extrenely reduced. Exanple 3 Fig.17 (A)(B)(C show exanples of the

I nvented Single phase input-Three phase full bridge rectifier circuit
applied for many kinds of large or snmall TV receiver. The nethod for
connection is as sane as Exanple 2, and the single phase full bridge part
of a public TV receiver is replaced byytgp s invented type. As a result, AC
I nput power, power factor and power |ine harnonic energy are inproved such
as Exanple 2.

i

“ =
s? 2
° &

w2

L
gy e 3
&5# A x |28
5% ] 8
=~

m

Horizontal
deflection

Damper

Frg 178

=k £
@ 0 + —_
g : =
e . F:?E = O
| Tuwire Taosoe 5155
L S-a 80
+2 =
= —t
28 & &
0+
=R~
38 s
; 1
. O A
=8 H"?‘
& Bl 1w
B L5
5 BE| tw—pf—K—
B &8 !3 o
= =N
op=i
'E .
© -
7N
> .r—-“——o——fd'o\—-ﬂ




Exanple 4 Fig.18, Fig.19, Fig.20 and Fig.21 show exanpl e configurations
when the actual exanple of the invented single phase input-Three phase ful
bridge rectifier circuit is incorporated into the rectifier part of a DG AC
i nverter which produces 3 phase or single phase AC output. In particular,
equi val ent conversion efficiency. to 3 gyagse AC is given by using single
phase input. That is, energy saving, hidh power factor and operation with
little power |ine harnonic energy are realized. Exanple 5 The test result
to denonstrate the invented Single phase input-Pseudo four phase ful

bridge rectifier circuit is as shawn in Fig.22. The result shows the
conformty of theoretical value and neasurenent value in spite of slightly
di fference by a nesurenent instrumnent.
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Fig.23 (A)(B) show exanpl e configurations of the invented Single phase

| nput - Pseudo four phase full bridge rectifier circuit used for this test.
Fig.23 (A) shows an exanple configuration of a circuit for constant voltage
control over DC |oad variation. Fig.23 (B) shows an exanple configuration
of a«<ircuit to inprove power 21 f éﬁr and a constant voltage control
circuit is not involved. Exanple 6 Figf (A) (B) and (C) show exanpl e
configurations of the ihvented Single phase |nput Pseudo four phase ful
bridge rectifier circuit when applied to a
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conventional DC-DC converter. By replacing the conventional single phase
full bridge with a equivalent 4. phase full bridge, effective AC i nput
power is.reduced by about 10% approx. 95% ~ 99% power factor is naintained
and power |ine harnmonic energy is extrenely reduced. Exanple 7 Fig.25 and
Fi g. 26 shows exanpl e configurations whgmot he actual exanple of the invented
Si ngl e phase input-Pseudo four phase full bridge rectifier circuit is

i ncorporated into the rectifier part of a DC- AC inverter which produces 3
phase or single phase AC output. In particular, better conversion
efficiency than single phase full bridge rectifier is given by using single
phase input. That is, energy saving, high power factor and operation with
little power |ine harnonic energy are Qgssible.
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Of course, this invention is possible to be used in many cases not ‘only in
t he above exanpl es. Though the concrete exanple is not shown here, for
exanple, .it is possible to constitute for econony a single phase input 3
phase full bridge rectifier circuit or a single phase input 4 phase ful
bridge rectifier circuit which can reghi,gg¢ the characteristics of

unbal anced 3 phase AC full bridge recti(ier having an inferior wave formto
a full bridge rectified wave form of normal 3 phase AC i nput by connected
with-a choke-coil, a capacitor and 3 phase full bridge rectifier elenents
or 4 phase full bridge rectifier elenents, whose value is away fromthe
best val ué depending on the | oad of output term nals.
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22 It is also possible to constitute a single phase input 3 phase ful
bridge rectifier circuit or a single phase input 4 phase fUIl bridge
rectifien circuit having a mechanismto cut off the above invented

capaci tor or choke coil circuit corresponding to shutting down the nain

| oad Tircuits wi thout parti al functiogzyﬁqcuit, when main load is idle
condition. As precisely explained above, the invented Single phase

. input-Three phase full bridge rectifier circuit makes DC conversion with
little harnonic conponent possible by using 3 phase full bridge rectifier
circuit. And it is also possible to obtain equival ent conversion efficiency
to 3 phase AC circuit 10% reduction of power consunption is possible '
conpared with the conventional circuit, and 95 ~99% power factor is

mai nt ai ned. Besi des, harnonic conponent to AC i nput power line side is
extrenely reduced. :
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The invented Single phase input-Pseudo four phase full bridge rectifier
circuit nmakes DC conversion with little harnonic conponent possible by
using 4 phase full bridge rectifier circuit, and it is also possible to
obt ai n equi val ent conversion efficiency to 3 phase ACcircuit. 10%
reducti on of power consunption is possible conpared wth the conventi onal
circuit, and 90~98% power factor is n&/dPai ned. Furthernore, harnonic
conponent to AC i nput power supply side is extrenely reduced. By using

bi di rectional sem conductor phase control elenent, as variable inductance
plus fixed choke coil configuration, it makes a choke coil snall and |ight
wei ght. And, constant voltage control can be given by using a triac as a

bi di recti onal sem conductor phase control elenent. Mreover, it can give a
'singl e phase input 3 phase full bridge rectifier circuit and a single phase
i nput pseudo 4 phase f ulg—brttge—rectifier—cirrcort
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which have a little increase of cost and limtation free on power capacity
range. It is possible to supply equivalently 3 phase AC power or 3 phase
full bridge rectified power froma single phase AC input circuit by using
this 23 invention and possible to operate them 24
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We claim1. A three phase full bridge rectifier circuit, conprising a
singl e phase AC i nput voltage neans for providing input voltage, an out put
DC vol tage neans coupled with said AC i nput voltage nmeans for providing
out put DC voltage fromsaid AC i nput voltage, said DC output voltage neans
including a phase conversion means fr@m,a single phase to three phase which
has an inductor, a capacitor and a threée phase full bridge rectifier, one
of input ternminals of said single phase AC i nput voltage nmeans being
connected with one termnal of a capacitor, and another term nal of said
si ngl e phase AC input voltage neans being connected with one of term nals
of a choke coil, another term nal of the capacitor being connected with
anot her term nmal of said choke coil so as to forma third termnal, .
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two termnals of the single phase AC i nput voltage neans and said third
term nal being connected with input terninmals of said three phase ful
bridge rectifier. wherein three phase full bridge rectifier waves are
fornmed by respectively selecting value of the capacitor and choke coi
corresponding to DC | oad resistance vakugp of DC output term nal of the

three phase full bridge rectifier. 2. A three phase full bridge rectifier
circuit as clainmed in claim1l1, wherein a DC-DC converter is provided as a
DC | oad resistance. 3. A pseudo four phase full bridge rectifier circuit,

conprising a single phase AC i nput voltage neans for providing an input
vol tage, an out put DC vol tage neans coupled with said AC i nput vol tage
means for providing output DC voltage fromsaid AC i nput voltage, said DC
out put voltage neans including_a phase conversion neans froma single phase
to four phase :
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- 25 which have a capacitor, an inductor, a bi-directional sem conductor
switch and a four phase full bridge rectifier, a DC output voltage or
current ¢etecting nmeans, and a phase angle controlling neans for said

bi -directional sem conductor switch, and a closed | oop control neans are
provi‘ded, one of input term nals of -sayggesi ngl e phase AC input being
connected with one of termnals of said capacitor, and anot her AC i nput
term nal being connected with one of term nals of said bi-directional
sem conductor switch, another term nal of the capacitor and one of

term nal s of said choke
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coil, so as to forma third termnal, and another term nal of the choke
coil being connected with another term nal of the.bi-directional

sem conductor switch so as to forma forth termnal, two term nals of the
si ngl e phase AC input. voltage nmeans said third termnal, and the said
fourth term nal being connected with pgmet term nals of said four phase
full bridge rectifier, selected values of the capacitor and choke coi
corresponding to DC | oad resistance value of DC output term nal of the four
phase full bridge rectifier, and phase angle of the bi-directional

sem conductor switch is varied in accordance with a variation of AC input.

vol tage or DC output -load current. 4. A pseudo four phase full bridge
rectifier circuit as claimed in claim3, wherein a DC-DC converter is
repl aced as a DC | oad resistance. 5. A pseudo four phase full bridge

rectifier circuit as clainmed in claim 3,
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wherein a- DC-AC inverter is provided as a DC | oad resistance. 6. - A pseudo
faour phase full bridge rectifier circuit as clainmed in claim3, wherein
maxi nrum DC out put voltage is controlled to be equal to nmaxi num AC i nmput

vol tage by both said phase angle controlling neans and said cl osed | oop
controlling neans. 7. A pseudo four gﬂﬂ@g)full'bridge rectifier circuit
as clainmed in claim3, wherein a triac neans is provided as said

bi -directional sem conductors switch nmeans. B. A three phase full bridge
rectifier circuit as clained in claim1, wherein an electronic apparatus is

provided as a DC | oad resistance.
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9. A pseudo four phase full bridge rectifier circuit as clainmed in claim
3, wherein an electronic apparatus is provided as a DC | oad resistance. 10.
A three pfiase full bridge rectifier circuit claimed in the claim1, wherein
an AC eut put equipnment is provided as a DC | oad resistance. 11. A pseudo
four phase full bridge rectifier circuB@/3s claingd in claim3, wherein an
AC out put equiprent is provided as a DC |l oad resistance. 12. A three phase
full bridge rectifier circuit as clained in claim1l, wherein values of the
choke coil and capacitnace are adjusted to the one that deviates from an
opti mum i nduct ance and capacitance. 13. A pseudo four phase full bridge
fectifier circuit as clainmed in claim wherein val ue of the choke coi

and capacitance are adjusted to the on&'that deviates froman opti num

i nduct ance and capacitance._14. A tiffe® phase full_bridge rectifier circuit
as -claimed in claim1l, {wherein .
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a cut-off- nean is provided to cut off the capcitor, choke cojfF=er—ctosed-
| oop controlli'ng means during an output |load idle condition.| REPLACEMENT SHEET
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SINGLE PHASE INPUT-THREE PHASE FULL BRIDGE RECTIFIER CIRCUIT

Acl\:I[DRgl]J:I:\[Kr;PLE PHASE INPUT PSEUDO FOUR PHASE FULL BRIDGE RECTIFIER

ABSTRACT

The present invention proides Single phase input-Three phase full hridge
rectifier circuit lower increase of cost and Timitation free of power capacity
range, and provides small and 1ight weight Single phase input-Pseudo four phase
full bridge rectifier circuit which keeps the constant voltage under the OC
load variations, by overcoming the technical problems and improving radically

; conversian efficiency, power factor and power line harmonic.

Single phase inpﬁt—Three phase fﬁ11 bridge rectifier circuit having the
following characteristic pracess:First :Comnect one input terminal of a single
phase AC input terminal wf%h one terminal of a capacitor, and connect another
terminal with one terminal of a choke coil. Make the third terminal by
connecting another términ§1 of a_capaéitor and'ancther terminal of a choke

ceeil. | | | _
| ;onnect_z single ﬁhase AE input termiﬁa1s and the third terminal with the |
AC input terminal of a 3 phase full tridge.
Secand:By fixing fhe value of the sbove-mentioned capacitor and choke coi1.
- | cdrresponding'tu_the pc 1uad;resjstanée value of a OC output terminal,
-an equivalent 3 phase rectifier-circuit is campased, whersby, 3 phase

full bridge rectifier waveform is made.

Fig. 9A & 9B



