a1 . . 2146858 Neutrally O anped PWM | nverter

The present invention relates to a pul se wi dth nodul at ed
particularly to a neutrally 5 cl anped pul se wi dt h nodu
Backgiound of the Art A known pul se wi dth nodul ated (PWW)
a center tapped power supply with positive.fand negative t
center tap being connected to 10 neutral or ground. Th

Technical Field

i nverter and nore
ated inverter.

i nverter incl.udes

AL

- negative termnals are connected to a | ow pass output filter through res-

pective sw tches which may hedtralltClamped tBwM [Idwerdéwe inverter

switches are controlled to alternately conduct current to
filter, the swtches 15 provi ding a pul se wi dt h nodul at

t he out put /
ed wavef or mfo e

filter, which iTechsieabdFiekd et o, provides an AC out put which is appM
to a |oad. The pul se wi dtgy tat ter
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typically has a voltage swn vol

t dge
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is typi- cally

required to acconmodate the large rail-to-rail voltage swing of the pulse

wi dt h nodul.at ed waveform from 25 the inverter. Where t

he inverter is to

Be used in applBackgroumd oficthe vlexght is critical, such as on an aircraft,

t he use of such large fil
wi th known PWM i nverters AIS t%’?rﬁic(%%gﬁd l?o accea?é rege
In 30 applicatnrohades cr ccenter ckapped reewer \,%JPR "b\-?éé

}em
nera ve currents

rPesibive and

'§~) negative terminals, the center tap being connected to
10 neutral or ground. The positive and negative terminals
are connected to é low pass outpﬁt filter through res-
pective switches which may be transistors or the like.
The inverter switches are controlled to alternately
conduct current to the output filter, the switches

15 providing a pulse width modulated waveform

to the-filter,

which in response thereto, provides an AC output which is

applied to a load.

The pulse width modulated waveform applied to
the output filter typically has a voltage swing of the

20 rail-to-rail voltage of the inverter power

supply over .

each half-cycle of the output. In order to provide the
W desired AC output, a very large output filter is typi~-

. cally required to accommodate the large rail-to-rail

. voltage swing of the pulse width modulated
25 the inverter. Where the inverter is to be

the use of such large filters is extremely

waveform from
used in appli-

cations where weight is critical, such as on an aircraft,

undesirable.

Another problem with known PWM inverters is
their capacity to accept regenerative currents. 1In
30 applications where the load is reactive, the power supply
of the inverter typically includes capacitors for

)



of the-inverter typically includes capacitors for- - 2 - -accepting al
regenerative currents. Even with a near unity power factor |oad, if:-"the
| oad current is continuous because of the output filter, the capacitors

I accept regenerative currents. The power 5 supply
$ nmust  therefore be quite large, increasing the weight

I nverter whi ch is undesirableafor many applications. -
Di scl osure of the Invention 10 The invention provides an inverter fof
providing an output voltage in the formof a pulse w dth nodul at ed N
wavef ormto a dcteptimgviadd aregehenatpiie wethrentsti veEweml wéght iasenear -
hal f-cycle, theyi ergsge?om%'ci'o'i-g qyer 1p S'EFQ' Y 10" dAldrd Of{f"
vol tage thereacross, an urther conprising: coupling means ~ operable
during  predeteninieus nbecaps fofr EhanpPEBuEhLiddesut the t ageacbroks
applied to thephstt estiD grausuhd 0 Migadeia ta vdll Tarvedics .20 TRAUl pdwsk
mavefprn1h§V|n a vol tage sw.ng of one-ha&% of _the r€$l-to-nall vol t age

over each df tTRPRLYf.- SFPREItOFRe iRYTht | FRCZRLQEE: 0VPRies Wi tehvef3EF€ mwhich *

includes a firstcresasimdy aheer nabbght cwllucthee inertencondiich veib
~during the for%ég& éhgopgrﬁéﬁgrv Qﬂdéégy%g of said AC output and a
a } uctf ve an C

second switch ernately condl nonconductive during the
formation of the negative half-cycle of said AC output, the clanping

nmeans being pisclosure of the Invention
10 | .

The invention provides an inverter for providing an ol
output voltage in the form of a pulse width modulated -
waveform to a filter_having an AC output with positive
and negative half-cycle, the inverter comprising a power
15 supply with a rail-to-rail voltage thereacross, and
further comprising: | _
~ coupling méahs operable  during predetermined
 intervals for clamping the output voltage to be applied
_ to the filter to ground to provide a pulse' width
_20 ‘modulated waveform haVing a voltage swing of one-half of
the rail-to—rail'voltage over each of the half-cycles.

The invention also provides an inverter which includes a L;J
first switch alternately conductive and nonconductive
25 during the formation of the positive half-cycle of said
AC output and a second switch alternately conductive and
- nonconductive during the formation of the negative
half-cycle of said'AC'butput, the clamping means being
operable when both the first and second switches are

30 nonconductive. N . Y



operable when both the first and second sw tches are 30 nonconductive.
-3- Preférably the PWM output voltage is established by a controlleg” 1Y st
switch alternately conductive and non-conductive during the f %ﬁ%f'on
of the positive half-cycle of the AC output, and a controlled sedo '
switch alternately conductive and non-conductive during the formation of
the second half-cycle of the AC output. The coupling neans is controlled to
be operable to clanp the output voltage to'gﬁ%dhd when the first and second
sw t ghes are non- conductive, . or to -ground any regenerative |oad

currents during intervals wh t currepts are regeperativel.y Jnduced
fromthe | oad. Tr?éf%{ﬁféﬁsjé’r gget&gﬁfWgﬁPan Vp?aé:fa eab?% ie%'ctla\lg)g‘elgs_,ﬂegg §.§ a
cI?nping negns,abdﬁuﬁdEMﬂionﬂirsmﬁtsWﬂMdmﬂLabwﬂxnatﬁhwd eanduc&ipe omndhe
vol tage to be appli.ec Y ar out fd ; n r r o]
provi de a pul se \?\ié& %otrrr%ad'fﬁr@t‘}eé; \?hl{-/rg’fngﬁmtﬁ{aé\t/i n%%ﬁ%ﬁ?’ag?%wﬁi#g&ofﬂ{ﬁm@et
one-hal f of the el £1a¥ale | ofol tage AT OHEPPSverdRd GvefORRER ﬁ%@f-ﬁi‘r}é“é
22 V; Eteaggg Eglty alsﬁtﬁbtﬁsagtétﬁ%é% n{@ondfil‘&ittigvh% AWEN nbu-eBHdaRLtive during .
. so provi des a 0 _grou . any,.regeneratiyve cyrrent
fl.owi ng from t he RfdEUNAEIY gﬁaﬁpﬁ F%E°Fgggﬁgﬁéfy§éec%&re u 3&%&%1 ﬁﬁﬁf
‘tHe power supply the beouplingdmedbs | hsacpnetelied ¢obbei mperabiliee tonvalampon
~provides a En:tc’{¥%igxgﬁﬁgrV%SQB52§Lﬂ9:ground when the first and second

10 switches are non-conductive, or to ° ground any
i~; _ regenerative load currents during intervals when those

' currents are regeneratively induced from the load.

The inverter of. the invention preferably includes, as a
clamping means, a bidirectional switch which, when turned
15 on, clamps on the voltage to be applied to the inverter
output filter to neutral or ground tb provide a pulse
width modulated waveform having a voltage swing of only
one-half of the rail-to-rail voltage of the inverter over
each half-cycle of the output. Such as bidirectional-
20 switch, when turned on, advantageously also pro#ides a
path to grouhd for any regeherative current flohing'from
the load so as to enable the regenerative current
st | capacity of the power supply to be reduced.
25 : L . i . '
In a preferred embodiment, the invention provides a DC to
'AC inverter comprising: .
a centre-tapped DC power source with positive and
negative terminals, ‘the centre tap being connected to
neutral; ' - ' "



a centre-tapped DC power source with positive and negative termnals, the

centre t bei ng connected to neutral; - 4 - afilter for converti'ng a
pul sed fmaptit to a pul se wi dth nodul ated AC output, a first switch connected
bet wee positive 5 termnal and the filter, the first switch, when

turned \Qn/ providing a positive input pulse to the filter, a second
swtch connected between the negativestermnal and the filter, the
second switch, when turned on, providing a negative input pulse to the ..

filter. 10 - a bidirectional switch connected across said filter, ‘;?
bi di recti onal swaolﬁ;lﬂaen fiar nednuvertpngviali pglaedhdmput rtei ta bp.h]z\sen he
first and segg. and control neans for controlling
the first, secon (Pﬂﬁ?%éﬁn)dlreé?%onal swi tches, the control nmeans

alternately tur nlahg §irshe sWischsyiqannegked hebetueenct itheal positive o

providesto thesfmid€r 8A8 %émffzwéwe%h@avﬁ&@r@hhwﬁes v)ﬁarf x}'\ﬁé‘@ from
zero to said 03|t|ve olt%ge t o, EIOVIde the positive half -cyc sai d AC

output, and X% P &osi 1npute BEASS (EO thhei hbLERR: the
second switch anohtmaedmnﬂreswibdahl svohhebted pbetwéent 0 tHee fné Eiwoe or

nore pul ses rfggﬂ¥h % Fﬁg WQH%%rS“” Aégg%ﬁg sw&gghhe“ﬂ&ggt Ve %9Itage

to provide the neg cycle of’
on, prov1d1ng a negative 1nput pulse to the filter,
10 a bidirectional switch connected across said filter,

the bidirectional sﬁitch, when turned on,  providing a =
short cirucit between the first and second switches and ol
neutral, and | '
control means for controlling the first, second and

15 bidirectional switches, the control means alternately
turnlng on the first switch and the bidirectional switch
to prov1de to the filter one or more pulses having
amplitudes which sw1ng from zero to said positive voltage
to provide the positive half-cycle of said AC output. and

20 the control means alternately turning on the second
switch and the bidirectional switch to ;uov1de to the
filter one or more pulses having amplitudes which swing
from zero to the negative voltage to provide the negative
half-cycle of the AC output. - o

25 .
The invention allows the attenuation'requirement of the
inverter output filter to be reduced by at least 50%
since the voltage swing of the pulse width- modulated

_ waveform is only onefhaif of the rail-to-rail voltage of

30 the inverter. Further, the powet supply capacitors may
be substantially reduced in size since they need hot
accept all of the regenerative current. The reduction in
size of the output filter and power supply capacitors
results in an inverter which is sufficiently lightweight

35 for applications where weight is critical. |



-The fnvention.alloms the attenuation requirenent of the inverter output
filter to be reduced by at |east 50% since the voltage swing of the pulse
wi dth nodul ated waveformis only one-half of the rail-to-rail voltage ef30

the inverter. Further, the power supply capacitors may be substanti gty
reduced in size since they need not accept all of the regenerative cyjeést.
The reduction in size of the output filter-agd-power supply capacitors
results in an inverter which is sufficiently Iightweight 35 for

appl i.€ati ons where weight is critical. -5- Brief Description of the

Drawi ngs Fi gure BriefabDesbeiptiondofigthen DEawirgphase of the neutrally

cl anped PWM i nvegt f {hepres ' I QB ELQuUr —E o]
illustrating theﬂégggt i%nqgf % %}%rﬁéﬂr?gﬁ rgﬁfggéﬂanﬁd% ?iﬁl%seé\?\eég OFHE
Figure 1; and FiBeREsadhypchepredyvBWYr iavertexst PAt FRY PResepEr Anveptden;

pri ortart . PWM i Erféh?éQ égﬁest a%‘i’@léﬁf&ﬁ\fé YiIIB.lél)&Hfaﬁ_ tLﬂH@gb%)@?aéQonTBE
inverter, ag shown in Figure , _proyvides a pul se nodyl at e

wavef or m at %oithﬁ PﬁuﬁrPgaﬁpﬁégmBg@pEW fFPY%Ptﬁﬁ ﬂﬁ1 hIpESC ﬁpFPged of an
i nductor 11 and EagacebOBALD, ariee Wavdfivrnmvibhustratimyt the epepatbonAof
whi ch is applied d g Lpyerter includes a 15 centre tapped
power supply geng%g??ygggsFéﬁa%gggggégéﬁing a DC source 17 connected to
termnal 18 for providing a positive DC voltage, [err] and having a DC
source 19 connecggdt! flodet 8681 Bakr$9dnfOoREO¥hdC1AvEREAbAVE DC

10 ‘The inverter, as shown in Figure 1, provides a pulse

\._/

width modulated waveform at point A to a low pass output

filter 10 which is comprised of an inductor 11 and

capacitor 12, the filter having an AC output at point A?

which is applied to a load 14. The inverter includes a

15 centre tapped power supply generally designated 16 having

a DC source 17 connected to terminal 18 for providing a

positive DC voltage, +VDC’ and having a DC source 19

. connected to a terminal 20 to provide a negative DC
voltage, -V ., the centre tap 22 being connected to "

20 neutral or ground. The output filter 10 and load 14 are

coupled between the neutral centre tap and the positive

and negative power supply terminals 18 and 20 through a

U pair of series cbnnected transistors 24 and 26 which are

controlled to provide the pulse width modulated waveform

25 at point A. Diodes 28 and 30 are connected in parallel

across the respective transistors 24 and 26 to provide a
path for regenerative currents flowing in the respective_-

directions of the arrows 32 and 34. The power supply 16

is provided with a pair of capacitors 36 and 38 which are

30 connected in parallel with the sources 17 and 19, the

capacitors accepting a small: amount of regenerative

current as discussed below. '



voltage, [err], the centre tap 22 being connected to 20 neutral

_ground -The output filter

centre t
t hr ough
controll
Di odes 2

and

30 are connected in parall-<elé across the respective

10 and | oad 14 are coupl ed between the neutr al

p~and the positive and negative power supply termnals 18 and 20
YWair of series connected transistors 24 and 26 which are
o provide the pulse wi dth nodul ated waveform 25 at point A

transistors 24 and 26 to provide a path for regenerative currents flow ng
in the respective directions of the arrows 32 and 34. The power supply

is provided withe alrpednted itnphedesrs bBédimecidomalciswiteh30t0 sthirdctisd
JIWp IR &650dd #RE bt éid’ce EiiPé&i-t%S @C{S?&Hag a shoi |

i scussed_ bel ow. - he I nverter

parallel wth

anount of regeneratlve current as

i ncl udes a bi @¥ESHitonEeLEREXIeH0 FARBRING GSGMWQ}?RQ%BéttRQlBGtﬁUFO

filter 10 to ﬁ{eQiﬂr%ﬂ a)ﬁl'@fcguﬁdrﬁlﬂéﬁev‘r?ﬁrehéreﬁitcm depitugnlelde oml tag@ at
Bt G MEEREL Vg [adNa, 'F  SYRRE LR 420 e

point A tg ne
bi di recti onal

%gg

48 and 50. cormmﬁe@d LY ) aAG)rl d8e.and Thé . cwinnestted oint l3e br bdae st orThae? i s
faéboé %fraﬂ's%%r%?nﬁs 4§onhla€§éa°%’et%efha\@dw its

connect ed bet

anode connecte tO the neuta centre tap 2

anode connect &RENPARH n?fA.dl‘-"’@ﬁé ettt gBR 046 of tPﬂe Giodesi 4#ohaxings its

connect ed bet wrRiad mitades do e d«ieiﬂﬁﬂ&eam:é&aﬁ hez diglec i diddend

'ts cathodg Cotpﬁmicatveidngt % ¢ S rc%nnecrlzt rde to ppomtar}g. g e of

15

20

25

of the transistor 42 is connected between the anodes of
the dides 48 and 50; the diode 48 having its cathode
connected to the neutral centre tap 22 and the diode 50

having its cathode connected to point A. When the .

bidirectional switch 40 is turned on by the application
of base current to the transistor 42, the switch can
conduct current in either a first direction through the
diode 44, transistor 42 and diode 50 or a second
direction through the diode 46, transistor 42 and diode
48 to provide a short circuit across the output filter
10.

The inverter also includes a controller 52 for turning

each of the transistors 24, 26 and 42 on and off so as to
produce a pulse width modulated waveform at point A
which will provide the desired AC output from the
filter 10 to point A' to be applied to the load. - The

havi ng

its

o



having its cathode connected to point A, Wen the 15 bidire
switch 40°i.s turned on by the application of base current to the tyan
42, the switch can conduct current in either A first direction thr
di ode 44, transi stor 42 and di ode 50 or a second direction through the

di ode 46, tran5|st i ode 20 48 to proyvi de short circuit_across
the output filtd&° ‘ﬁ%‘rﬁf Cgrfge‘?‘ffe?uﬁ Sp0) l?’rfb‘F?ﬂd’e%Y L FRREFPLr SEgRRLE to

turnifig each of ttHae hams:ﬁtexch%f Gfe anrarli o of f260aR8 42 €6 turn
diee a pul se gy Jvsf or t [ OV
ggglreg ACPgutput from E éﬁ{%i J§g€6£%§lnt '2¥éh%2 é%ﬁm$éﬁ Eﬁs?ﬁﬁfé%%d
The control | é?aV?fQﬁﬁsplﬁRPJalﬁﬂ k@l the tfansistars s24nal6 andt 82 bHase of
each of thest rarb&icﬁ»itprl% FhigLb Bbd2 tﬂén‘r'rthé.&e Jie téfﬁgrftoﬂsagg r?ff

An exanple of t es ectlve wavef oy s plied to t ransi stors
and 42nPs 5 s NG they BR§1°¢%Q#L wwﬁhﬁc#?ﬁﬁ$%5F@rs%énl$hat

during the peri cadme‘rr&th&q; turmeéd ansifid o bys e %Mﬁéymtafnpﬂgonzﬁnd

ff by th he t,r ansi s, turned off; and the
?r anS|yst ore ﬁgv?sq{eurt%djél%tb& 3% YRR erﬂs ql' ganéz ﬂ%%?lf RF t44ants 10
sistors 24 and Xairaed tom ks tj‘td wa\&fnﬁnardﬁl Fn_h,l.r i2Qy mtmqmaer otlh@ftﬂao- 360,
the transiggor %qs|f§,r'§ tayr e 6 té’:ﬁ‘%ﬁ% t he ff %J{[ eélg OA:

2B; the tran- sistaor 24 is turned Tansi s

by the wavef or mR§F 8% 03 8fhemblt. thhe thxansiatas 24 :n_s alumuna_eelaure

turned off. ~turned on and off by the waveform of Fig. 2B; the tran-
\/ sistor 24 is turned off; and the transistor 42 is turned

. on by the waveform of Fig. 2C whenever the transistors 24
15 and 26 are turned off.

When the transistor 24 is turned on during the
formation of the positive half-cycle of the AC output at
point A', the voltage at point A is approximately equal
to the positive DC source voltage, +VDC’ ignoring any

20 voltage drop across the transistor. When the transistor
24 is turned off and the transistor 42 is turned on, the
bidirectional switch 40 forms a short circuit across the
.filter 10, current flowing into point A th:ough the diode
50, the transistor 42 and the diode 44 to the néutral

25 center tap 22, clamping the voltage at point A to
approximately neutral or ground. The transistors 24 and
42 are alternately turned on to provide at_point.A a
plurality of positive pulses such as the three pulses
illustrated in Fig. 2D, to form the positive half-cycle

v 30 of the AC output as shown in Fig. 2E. Because of the

neutral clamp provided by the bidirectional switch 40,

w each pulse of the pulse width modulated waveform at point



When the transistor 24 is turned on during the formation of t he p05|t|ve
hal f - cyckg~of the AC output at point A, it®e voltage at point Ais

appr.oxi y equal to the positive DC source voltage, [err] ignoring any
20 voht’age drop across the transistor. Wen the transistor 24 is turned
of f and te t&aha$stoyolbage $M¥h@d°5n°n@hezsrélF@c?VgeaPVGEAFBQ 40 forns a

short circui tpgsiesdet Rg1ELEYEIe 16f gﬂérg@toﬁhgutng into point A through
t he diode 50,  the transistor 42 and t toth neuéra[ 25 . center

tap 22, clanping the voVReRethe Bﬁ?ﬂflﬁF?ﬁ ggpFﬁxFﬁﬁPﬁ yOReBBFARI oFhr oyn
The tranSIStOfGrﬂétﬂﬁﬂ df the ﬁé@&tﬂ@éehalfucyeﬁeooftﬁhérnaldﬂtpﬁtpatnt

| ural f i Ln Fig.
20, to o m (ROLpboKEr VEbRCToTHEs iy BEshE' £ 8 paRRPINPMERIY ERRT 'F?g.
2E  Because t6 the negataVecmanpopteqedede +t Agabhdigeoringagngwi t ch 40,
each pul se Ofvé?@a@ﬂ'&foﬁ‘QEPOEPdHﬁ@tegaﬁ@YE%QE”]aﬁhQﬂ'Eﬁe tr£n9§§

vol tage swing o Zero errl over the positive cle o?athe AC
out put. Wen ?ﬁelﬁrSHEPgéonQGan hentyaBRlg PFn@thE FBFﬁﬁ i B8R+ oFhene :

Regative halfbsasfecaiohar e&%aunpmo fbris apﬁthtAc1réﬁ£TV@Ei§§§_ﬁheinnt

i's apprOX| to_t ative t LI a ignoring .
any voIt HEBSLéﬁ s ?Hﬁr??gngi o) gﬁihugh %ﬁ?aﬂg 6£F§ t ur ned v
.of f and the ttaasssSbor4Q2|andutheddbodethﬂ,bcaamamngohhé smﬂtage4atforns a

Short U (paheog Locnalicsals bt sdinact AR HhBUABRHLD apohnainez 0 o0

are alternately turned on to provige, at p01nt A, a

”“'plurallty_of negatlve pulses such as the three pulses

15 illustrated in Fig. 2D to form the negative half-cycle of
the AC output shown in Fig. 2E. Because of the neutral
clamp provided Sy the switch 40, each pulse of the pulse
width modulated waveform at point A has a voltage swing

of zero to -V_. over the negative half-cycle of the AC

DC
20  output. _ _
Prior art PWM inverters are similar to the
inverter shown in Fig; 1 but do not include the bi-
directional switch 40. Such prior art inverters are
controlled by the waveforms shown in Figs. 3A-B wherein
25 the_iwo inverter transistor switches Q2 and Q3 are
altefnately turned on over each hélf-cycle, from 0-360°, ;;;
so that one transistor is always on while the other is
off. Controlling the two transistor switches as shown in
Figs. 3A-B results in a pulse width modulated waveform,
'30_ as shown in Fig. 3C, having a rail-to-rail voltage swihg
of +V'Dc to VDC over each.halfécycle of the sine wave
output as shown in Fig. 3D.



point "‘A to neutral or ground.: The transistors 26 and 42 are al ternatel
turned on*to provide, at point A,.a.plurality?Of negative pul ses such/a
the three pul ses 15 illustrated in Fig. 2D to formthe negative
hal f-cycle of the AC output shown in Fig. 2E. Because of the neutral clanp
provi ded by the sw.tch 40,Tl'eecni@ﬂi-aetﬂbna[heswtaﬁ u?ﬁb ﬁEQU?_@éQén‘eﬁveform
at point A has a,voltage swing.-of zerqg to [err] _ov e, pegative
haIP-eycIe of thﬁn%&Pg ’"'dﬁggﬁtLuf??groﬁrtc;@*P?ngé?t%?égﬁaﬁ anFpﬁr to
the pwverter shoimput € gthd Hilted ho} poihtida,tbe héa?dAIeorlgaebpdmséch
40. Such prior L V. - | £d; e r W gs:
3A B whor of 125 a0 B3 FRAGES BhE SOTLLGE, BHiRY hPTRUTHE 8" LB SHg et ot
aIternately5nﬂrﬁkPoﬁab¥E¥°E§%hlH&Pltégel@Ye¥r6ﬂ¢b-¥é}fT9Y§beth§ttbﬁe
transistor is alyaypuen Vﬁ&é&;é@%ﬁéheéltég@f§wi&9”¢_§f0£hén€uigé_Hﬂﬁth
t ransi st or smﬁthﬁi Q%tﬁgomg |g Flgsr SAEE regults |n,a,gg se gndthv
mpdul at ed wavef JPPUSRted MaLGEGFM Rreyydeda hBOTRY & 18i FedBCeai PYEHI t age
swing of [err] tea¢hrh§lﬁ¥eycb30@fhﬁhé-oyeb&tpfthéeaﬁ%éﬁuwﬁﬂenoutpUt ?S
shown in Fig. 3 . ldikegiio | 4 the present ingvention
when tur nedgon, [%?%?ﬁ’)gsg? lgév%ftgféée gﬂ?ﬁg ‘l%%jp]ﬁ gt gatlﬁiyfg?t’é_?g‘iﬁ?gp iRt a,
to neutral 18t grbemeits®0%s to reduce the voltage swing at point Ato.
one-hal f -of 5 the rail-tpnéahiayPblePsny CEwseEh bﬁlglggcgfogidége
out put. Because the VOI%%@e smggg of the Pulse w dt h nodul ‘at ed wavef or m
provi ded at pmﬂrﬁa i €0, teal rground ror any regenerative current

. \-/‘

flowing during the time the bidirectional switch is
turned on. With an inductive load having a lagging power
15 factor, regenerative current flows from the load in the
direction of the arrow 32 during the 0-90° portion of the
output waveform at point A'. Regenerative current also
flows from the load in the direction of the arrow 34
during the 180°-270° portion of the output waveform. The
20 bidirectional switch 40, when turned on, provides a path
to ground for any regenerative current flowing from the
load so that for an inductive load, the power supply
capacitor 36 must accept regenerative current only when.
during the 0-90° portion of the output when the tran-
25 sistor 24 is on and the capacitor 38 must accept regen-
N2 ' erative current only during the 180°-270° portion of the
‘output waveform when the transistor 26 is on. Since the
capacitors 36 and 38 do not accept all of the regener-
‘ative current, they may be substantially reduced in size.
30 | : The reduction in size of the output filter 10
and the capacitors 36 and 38 due to the operation of the.
bidirectional switch 40 results in a lightweight inverter
which may be used in applications where weight is a



each half-cycle of the output, the attenuatlon requi-renent of the output
filter 10 may be reduced by at 10 | east §0% The bidirectional switch 40
al so pr es a path to neutral or ground for any regenerative current
flomjndsggylng the tine the bidirectional switch is turned on. Wth an

i nduct i Ioaﬁ;hauamgfactagglagcpoaer1&53n giccorftr ogetbeadiike.cufhent -
flows from tﬁ&'&gﬁg%&% dis 8kl 9fvakebBs B1EAVLER GHGCLAINGDEnG: herr]

portion of t wavef orm at poi nt . Regenerative currﬁnt al so floms
fromthe IoaﬂuﬂﬁetWédEhrééﬁpéﬁtéﬂ Vﬁ@eéPFﬁwﬂéﬁ dBPLdg thREe1 8Y-L5&Fr Pehor ¢ jw

of the out puhatevefens, EEB Be usaﬁdltbeﬁi'beﬁldé anit abs4Qedemambbur peEd on
provides a path to rou or a re ative rrem Iownn from,t he

| oad so Bhat PMdFeEn FﬁdBE};VEYFgéd ? bSﬁér &%5 0808 r§§rnﬁ§t
accept regenehawnveoQUbhagtaoshmgWhephdsehnghehaeﬁtkadﬂy pdemped WMt he

out put when t.h # tQr. 24 (.S d teh citor 38 must accept
regen- erati&g%g%F%gnt%g%ly%gi ?ﬁé éﬁg g&? on%tﬁgﬁgo% t he out put waveform
when the transistor 26 is on. Since the capacitors 36 and 38 do not accept
all of the regener- ative current, they nmay be substantially reduced in
size. 30 ~ The reduction in size of the output filter 10 and the
capacitors 36 and 38 due to the operation of the. bidirectional swtch 40
results in a lightweight inverter which may be used in applications where
weight is a -10- critical factor, such as in an aircraft or the like.
The - '

O



-neut}ally cl anped PWM i nverter, although shoﬁH_EEVTﬁﬁ_é"ﬁUT§E“mrdth

modul at ed waveformwi th only three pul ses per e use
provi de any desired nunber of 5 pul ses per. flmmﬂm muﬁg F

the inverter is shown for only a single phase * he neu ﬁ anp ed
inverter will work for - any nunber of phases. - 11 - CLAIMS: 1. An
inverter for providing an output voltage ig the formof a pulse width -
nodykat ed waveformto a filter having an output with positive and

negaL1ve halfgéﬁgﬂég the 5 inverter conprising a power supply with a
rail-to-rail yoltage jhRQTRAG §3% - %@1&‘1 gh% 6%%&1%5%&11: E%Uﬁ'n' e

operabl e during predeterm ned intérvals | anping the o ut voltage to
be applied to%he fPRige wWadghomedudatedovayetopiu it %né%ﬁtﬁﬁdGPHﬂéﬂ an

waveform 10 hag n@u& ol t@ﬁ‘thSWpBQiQfvaneam| f negathi@er ablalifecy@ille ,volthage
over each _of the i nverter acc rd ngE%o cl aim,1 which

i ncl udes & fi |"§tve§%|etrchngn§’efﬁéflgl yac Ntk | FEPR 3 nd n(ﬁjctrla\}e‘ iia ﬁ?‘d’lt he
f5 formation gblthgepddierieae rosist,- andl £ustheai ¢omprdstipgt: and a second

Seat i ve LS[P%?L%&%P“? it od?%@%‘f&fﬁ“ﬁﬁﬂﬁgd#%“t%séﬁn nRra1s"e
" \then both the PFr§ta@@&“@e@@ﬁd°§WPP@h§§1§FSen6ﬁcbﬁd@HR\k? X9 khe fijger
inverter for Qbovgelbﬂadant@utﬂavmtagepumséhewi&m Qod Rt & d walv@iEd rm

modul at ed Wav%f%agbtoaa”voitage swing of one-half of the rail-to-rail
\Q; voltage over each of the half-cycles.
2. An inverter according to claim 1 which includes a first
switch alternately conductive and nonconductive during the
15 formation of the positive half-cycle of said AC output and
'~ a second switch alternately conductive and nonconductive
during the fomation of the negative half-cycle of said AC
output, the clampihg'means being operable when both the
- first and second switches are nonconductive. -
20 | | |
3. An inverter for providing an output voltage in the
form of a pulsed width modulated waveform to a filter
having an AC output appiied to a load, the inverter
N comprising: , '

25 a power supply that has a rail-to-rail voltage
thereacross, and comprises means for accepting regeneratlve
load currents: and

" coupling means operable during predetermined intervals
for clamping the output voltage to be applied to the filter

30 to ground and'simultaneously providing a path to ground for
regenerative load currents during said interval, whereby a
pulse width modulated waveform is provided having a voltage
swing of one half of the rail-to-rail voltage over each of
the half-cycles, and a path to ground is provided for

35 regenerative load currents durlng the predetermined



havi ng an AC output applied to a load, the invertef~eeanLsL_g__g§a_ . a
power . suappRly that has a rail-to-rail voltage thereacross ’

conpri g
means

i nt erval

5

pans for accepting regenerative |oad [c Imwmm i ng
bl e during predeterm ned intervals for F put
be applied to the filter 30 to ground and Si nul Maneous

rd a path to ground for regenerativwe |oad currents durlng sald

, whereb ul se dt h dul ated waveformis provi ded haV|n
Vol L age. Swi MG REGRS 1ES 1 Shactend Nea eS8 R L o LEGE Ty G0
hal f -cycl es,powek asypdlyto ground is provided for 35 regenerat [ ve I oa%‘

currents

during the predeterm ned -12 - intervals to reduce the
regenerative current coupled to the power supply

4. An inverter according

to claim3, urthdr inverteirngesosding iy alaimhs al furhhes| \ingdndisgi ve and

nonconduct i Vﬁzts& PERYLER tahece%%lttéwe Bé‘}:éu&f{ﬂr@ %fndt hﬁoﬁ&ﬂ&ﬁ@t‘ivé“‘ioﬁ‘

second switch alternately conducti

hRFVARS o thes R‘%%‘Wé’%uf\{‘ﬁ& ~C¥Rdec nBanSuH uﬁge%@rébl e

'negatlve

nd ngoncon lve . to provi

duri ngdt he igdécynal swiben aQtebﬁhbenyeddnrdsictamé_saac@ndoﬁmbhahesmtdée to
nonconduct i ve, verter_ ¢ i Sidng; ceptre-t e

power sour c@3A% lr’lﬂepo§iht|v8g3€glﬁg ?f ﬁéc %n zf?s?hgth ¢ ce‘fﬁ@‘gp A"B%
bei ng. connemiupling ®6anselieixig ap{elrlabée_fdnrixmvem nintepwaied WIhtqmt to
a pul se (i difpen the first and second switches are nonconductive.

15

20
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30

35

5. A DC to AC inverter comprising:

a centre-tapped DC power source with positive and
negative terminals, the centre tap being. connected to
neutral, _ _ o -

a filter for converting a pulsed ihput to a pulse width
modulated AC output,

a first switch connected between the positive terminal
and the filter, the first switch, when turned on., providing
a positive input pulse to the filter,

a second switch connected between the negative terminal
and the filter. the second switch, when turned on,
providing a negative input pulse to the filter,

a bidirectional switch connected across said filter,
the bidirectional switch, when turned on, providing a short
cirucit between the first and second switches and neutral,
and '

control means for controlling the first, second and
bidirectional switches., the control means alternately

turning on the first switch and the bidirectional switch to

provide to the filter one or more pulses having amplitudes
which swing from zero to said positive voltage to provide
the positive half-cycle of said AC output, and the control

means alternately turning on the second switch and the
bidirectional switch o provide to the filter one or more

5

| &)



[ /

* nodul'ated AG output, a first swtch connected between the positive term nal
and_the ‘filter, the first switch, when turn u 0 a posi ti
|nput pul se to the filter, a second swtch e‘ma m]mu lwm‘zt he neg
termnal and the filter. the second swi t ch, wherf t ¢rn&d dn,” providin
negative input pulse to the filter, a bi di rectional switch connected 3TToss
said filter, 25 the bidirectional SMAtCh when turned on, providing a Short
cirucit. between the first and. second shftches -and neutral and control
nme&6s for conpubsésnchaving i agipl itadesd whdchi dswingi ofwdm smxiochd;@ thee
control nean n Op,t L h
b|d|rect|onalﬁe Q%iﬁétggg%§ ?dgotkrpkggh:ﬁ%gmhéﬁgégvézﬁéfb e%éh§S|ﬁhe

anpl i t udes whh€hoBHPWE-from zero to said positive voltage to provide the
positive half cycle of said AC output, and the control means alternately

turning o secqQnd ,swi t h and the .35 bidirectigonal, swtch provide.to
he tiTeeR onfeor B dnvertliSataniiung v iR Lo Ametals "oRe CROAL S,
from zero tmeahbetnegat ithe \mlrtsetgeswuqh oon den@heffie@gatnumben| £ cydinesof

‘the AC out put verd n 0,cl ai i e .
control  means¥iER, she, sLbnd S ein SEAPAER"rEC LY BaBviad "ERE Bobafipe
‘second swi t chhayfneyichef of othe AF deutpiet potheibbdhneetiguad switab peing

output, the bigdihegt I&nabysvueh RAYD 1 UnBRASONwR¥néPEr CHHL Olf iFeRNSand
whenever the first _and
10 second switches are tuined off.

~ 7. An inverter according to claim 5 or claim 6, wherein
the control means turns the second switch on and off a
number of times with the first switch turned off to provide
15 the negative half-cycle of the AC output., the bidirectional
switch being turned on by the control means whenever the
first and second switches are turned off.

8. An inverter according to any of claims 5 to 7 wherein
20 each of said first and second switches are transistors.

-9, An inverter according to any of claim 5 to 8, wherein
the bidirectional switch includes a transistor.

25 10. An inverter according to claim 9, wherein ‘the

 transistor of the bidirectional switch is connected to a

diode bridge to allow current flow in either a first or
second direction when the transistor is turned on.

¢

30 11. An inverter according to any of claim 5 to 10, wherein
the bidirectional switch, when turned on, clamps the
voltage applied to the filter to neutral.

12. An inverter according to any of claim 5 to 11, wherein
35 the bidirectional switch provides a path to neutral for any



10 second switches are turned off. 7. An invemw aim5 or
cl ai wherein the control nmeans turns the secppd switch on and off "a«-. |

f Yinmes with the first switch turned offai H’IMH enegatlve
e of the AC output. the bidirectional EI’Wde on by
t he &0 means whenever the first and second switchés Arestuw hed off. 8.

An inveérter according to any of clai m3_51t40 -/ wherein 20 each of said fi rst
and second switches are transi stors. An inverter accordl ng.to any of="

P
o

claim5 to 8 r8FRARHAE IR bHiHIEEAY on§|1°§\?of"f3ch ARELREes BDEransing or t%@ ot

10. An i AT Esdct Bt dwidkcH Ois Awdned Sn. wherein the transistor of
the bidirectional switch is connected to a diode bridge to allow current

flowin either a first or second direction when the transistor is turned
on. 30 11. At3nvehtBe- accACdiingetrchean)subfstamﬁmlayt @sl@esgrEbed herein

bi di rectigpnaly, tﬁ&‘ et ¥k o o éqﬁ‘?ﬂ{q ed to the
filter to neut An |nverte‘fr¥baccor I ng [b?\éer?{y 0 §5 to 11,

wherein 35 the b| directional switch provides a path to n‘erutral for any -

-

1.4 - _ -. regenerative current fl ow ng ?
during the time the bidirectional switch is turned of. 13. A DG to-AC
inverter substantially as described herein with referenc o fijgures 1 and
2 of the draw ngs. : K} =
W
«
;



