2148623 Pul se Wdth Mdul ated Inverter for Unbal anced and Variabl e Power

Factor Lbads Background of the Invention 5 The present

invention’ relates generally to inverters for devel opi ng pol yphase AC

power -f.rom DC pow er, and nore particularly to an inverter %ﬁﬁ%@ udes

C|rCU|try to mninmze the return of regenerative currents back e

- sqQurce of DC power. 10 Static jinverters for converting DC
power i-nt o pol yphase AC power typically i ndiude n pairs of switches . \

connected across first and second vol tage levels on a DC bus. A free [CQ

wheel i ng di ode is connect dhe inverter to

provide a path for curs ya & opened and

' en such

i nverters are used to drive unbal - anced or varlable pomer factor | oads

havi ng an inductive reactance, reverse or regenerative currents often are

20 devel oped in the |oad and are coupl ed through the free wheeling

di odes over the the DC bus back to the source of DC power. Consequently,

such inverters rggpkdrour aiﬂ'vaxelmwiaﬁg'meC bus filters to accept the

r &enerative cur- rent so nvey C S

25 DC pOwer which %eé{ e’i’%‘gé(’arg%lr |ve currer#éh%ﬁ? ég

Accordingly, a ammartnngﬂSDIHdévelm@lsmchoénphhﬁerA@rP@M@F feam A8 ypdver ge

afid heavy. - Surggr yaﬁ’é hbge! %‘é‘i‘%&c‘?ﬁaﬂ CE&rQﬁ“‘iﬁv\éﬂrEQrt R iR SEid 1udes

I nvention, a 30 tic n-phase | nvert for converting DC power. froma
DC c1rcu1try to mlnlmlze the return of regenerat ve currents
V] back to the source of DC power.
10 Static inverters for converting DC power into

polyphase AC power typically include n pairs of switches
connected across first and second voltage levels on a DC
bus. . A free wheeling diode is connected across each of
the switches in the inverter to provide a path for cur-
15 rents to flow as the switches are opened and .closed in
response to pulse width modulation, or PWM control.
When such inverters are used to drive unbal-
‘anced or variable power factor loads having an inductive
reactance, reverse Or regenerative currents often are
20 developed in [the load and are coupled through the free
wheeling diodes over the the DC bus back to the source of
DC power. Consequently, such inverters require relative-
ly large DC bus filters to accept the regenerative cur-
_ rent so that such inverters can be used with sources of
_ 25 DC power which cannot accept regenerative currents.
- Accordingly, a power supply utilizing such an inverter
must be unduly- large and heavy. =~ '

Summary of the Invention
In accordance with the present invention, a

30 static n-phase inverter for converting DC power from a DC



-2- source into n-phase AC power i ncl udes means for circu- lating reverse
or regenerative currents devel oped by a | oad connected to the output of the
i nverter through the load so that such current is not returned to the

source’5 of DC power. The n-phase inverter for energizing a pol yphase

| oad conpr n pairs of switches connected across first and second rails.
The rails ive first and second voltages froma DC source on first andy/
second DC 10 | ines, respectivelag- An (n + I)th pair of switches is
al so connected across the first and second rails with the m dpoint or
junction between the two switches being con- nected by a neutral line to a

neutr al potsouraé -dhtoher-Dbaseur caAC ﬁhuetoédcﬂades—ﬂaans|fqmuc1z®mnected

to junc- €ByS #¥H§% C n u |,
connecti on coup*‘gdr%%‘;%%gj Enc\#}é %l‘? Gugﬁh?’h% daﬁ@é@é‘? th¥3 %econd
bus swi t cheloadngsonnected itostthedoutpwhdo arclh@ ti@‘m:,tem cthrowgh sthend bus

lines. A fijghaCut) ¥HatSeHSN EarfbaR0IY Adk [ PELhinel &d lendiséule 2
second_current_sensor is disposed in the second rail. The current sensors
are cofnect®§ P6 BRWEEn control ap- paratus for. operating the first and
second bus switches ar.rﬁet like-phasé linvertiir fr eMdedibsingndepolpphase
oper ati ng cgnd|t|0" no re giatlve

t he
currents ar g’rltsﬁé BUPFéﬁF Pr?fséé'd%‘%féﬁ }ﬁé"}‘??\l\/{]‘ie%rﬁ]c’é% ¥ofis is
in a first dndececond Wradlishe cTheentails erebeivefl fiwest and ssed:aﬂ@es to
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assocl at e curren sSenso
swi t chObet whdneshatrespectinelhe addodimttdlddd [paixe of @widmhesieis t he™

DC source f 228b! B8hnkdited Berdid tHYFi¥ st Hhd second rails with the

midpoint or junction between the two switches being con-
nected by a neutral line to a neutral potential of the DC
source. The load has n-phase inputs connected to junc-
15 tions between switches of each pair and has a neutral
connection coupled to the junction of the (n + 1l)th pair.
First and second bus switches connect the first
and second rails to the first and second bus lines. 2a
first current sensor is disposed in the first rail while
20 2 second current sensor is disposed in the second rail.
The current sensors are connected to switch control ap-
paratus for operating the first and second bus switches
anéd the (n + 1l)th pair of switches.
Under normal operating conditions of the inver-
25 ter, i.e. when no regenerative currents are flowing, the I
current in each of the first and second rails is in a
first direction. When the current in either of these
rails changes to a direction opposite the first direc-
tion, as sensed by a current sensor, the switch control
30 associated with such current sensor opens the bus switch
between that rail and the associated bus lines to discon-
nect the DC source from that rail. Further, one of the
switches of the (n + 1)th pair is closed to connect that



sw t.ches.of the (n + |)th pair is closed to connect that -3- rail _
carrying the reverse current'to the neutral line. The reverse current is

t herefore shunted away fromthe source of DC potential and is recircul ated
t hrough the load. 5 Since the DC source is isolated fromsuch .
reverse or regenerative.currents, the _size of the DC bus filter can be

r eguced. Furt her nor e, the_inverter'één be used with sources of DC po

whi ch cannot accept regenerative currents, such as-rlthlun1$h|ﬁny! chloride
pbatteries. 10 ; u ] d inyerter of the.inyention
may be used in rcaoln]j u%%lfg%ﬁn% th: Egt \r%dee%r}r%ﬁi ﬁ%%‘ﬂ%mﬁ\é né%eur n&b‘ﬁ@ﬁ&l n rI"f’%\t ent
Appl i cation No.THEI4BBYEPEE 0CBFESNYe 18 ptheretompl phupsedm afay eduoad shae
and wei ght. Brisfurddescét pbcopotlenith@iDr avk N4S lPecirculated g:hroq:t]gh' St
block diagram, of. a system for devel oping pol yphase AC power trom _
power devel opeolqrﬁfi'a DC source; Fig. 2 is a schematic diagramof the static
t hree- phrase inverter shown in bl ock diagramformin Fig. 1; ﬁo .angl y
Fig. 3 isa schemati.diagr one of the control gircuits shown in bloc
diagram ?’or min Fig. CSZSJ%S@{QT p T oR°Bf SBhe-Spr it ?%%&E%Bﬂl ST REFERT g
néw to Fig. 1, qatheregenenaliiss reumbrars 25the nsphasefi nites t BC Byst e Whéeh
converts DC powan gevekbaaedaby adXt &%,;gt,%ﬁégagggxgpasi% chgg‘rq{?éeéo

dgive a load 12., The inverter system shown i raw ngs

illustrated adlth (IUEESShAfe DO RP¥LreWhighscamnoftoraccept regenerative

_ currents, such as lithium thionyl chloride batteries.

10 The pulse width modulated inverter of the invention
may be used in conjunction with the circuitry shown in
our copending Patent Application No. 2148624A to provide
‘a power supply system of reduced size and weight.

Brief Description of the Drawings

15 . Fig. 1 1is a block diagram of a sSystem for
developing polyphase AC power from DC power developed by
a DC source: '
Fig. 2 is a schematic diagram of the static three-
phrase inverter shown in block diagram form in Fig. 1,
20 and
Fig. 3 is a schematic diagram of one of the control
circuits shown in block diagram form in Fig. 2.

Description of the Preferred Embodiment
Referring now to Fig. 1, there is illustrated an
25 n-phase inverter system which converts DC power developed
| by a DC source 10 into polyphase AC power to drive a

S

load 12. The inverter system shown in the drawings has
been illustrated as a three-phase inverter system for
driving a three-phase ioad: hbwever,'it should be under-

30 stood that the present invention is in no way limited to
a three-phase inverter but may be used in conjunction
with an n-phase inverter, where n may be an integer
greater than or equal to one.
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driving a three-phase |oad; however, it should be under- 30 stood that

t he present invention is in no way linted to a t'hree-phase inverter but
may be d in conjunction with an n-phase inverter, where n may be an
integer('/.ater t han or equal to one. -4- The DC source may be a '
generatart gnd rectifier arrangement which includes control and protection -
cir- cuN\tpf for operating the generator. Alternatively, the DC source 10
may si nply be a battery or other sourcedof 5 DC potential. In any
event, the source 10 includes two termnals at first and second vol tages
and a neutral or comon terminal which is at a voltage m dway between the
first and second vol t adB€. DELSOUFRGH MY the e gRRerafarcandiFectifiesupl ed

10 t hr ggggr&ahgémfehh:t afhildh ovac108elUscdn sl 1@nid0 protéyeiont @irl8. The
I nverter

I t hr ee- phase A ower fromthe ower .on.the Line
16, I " manfBEERY FCOPETTLLaT | P ROMAPGRATRE * T FRORRESPoTY | ghe
connect ed t hDCugvwrde |1krmdp si@pPlygndea ac batharyt ransébhéer sassesblof 22 to

the | oag 12. pa qegﬂ:tz'i.f&engﬂg é%%g?{e:ghi deye And-dy %@emi)gﬁphﬁ% two

transforner ass and T's C td a pulse w dt ation, or PW/

. P s LT

control 24 wheshmiagdsr Ats Ei¥senand; secrad yadtages @nd Thenpwtradnorol 24 °

al so recei vegofindn 4@rmifdlls whARHESHld#)10a [ W61 LLGE- @aRAY! beltwéehn! agRs. of .
each of the phas

s delivere _
on a |ine 26*Ff Pﬂ%1§8ﬁ9 | V9AtAgeSanyentional and provides tine ratio
control for the sw tch@he noultpuitnvéroer the source 10 is coupled

to.the load 12 as well as a refer- ence signal 4

s

10 through a bus filter 14 over DC bus lines 16 to an inver- | o
ter 18. The inverter 18 develops three-phase AC power
from the DC power on the lines 16, in a manner more spe-
cifically noted below. _

The inverter 18 is connected through a filter

15 20 and a current transformer assembly 22 to the load 12.
A current sensing signal is developed by the current

. transformer assembly 22 and'is cbupled‘to a pulse width
modulation, or PWM control 24 which controls switches in
the inverter 18. The PWM control 24 also réceives sig-

20 nals representing the line-to-neutral voltages of each of
the phases delivered to the load 12 as well as a refer-
ence signal on a line 26.

The PWM control 24 is conventional and provides Nt

time ratio cortrol for the switches in the inverter 18.

25 Referring now to Fig. 2, there is illustrated _5

the DC source 10 and the bus filter 14 in conjunction

with the inverter 18. . : ~

~ The inverter stage 18 includes n pairs of
switches connected across first and second rails 17a,17b
30 which are éoupled tolfifst and second DC bus lines 1l6a
and 16b, respectively. In the illustrated example, n is
egual to three, although n may be egqual to another num-

ber, as previously noted.



25 ' Referring nowto Fig. 2, there is illustrated the DC source
10 and the bus filter 14 in conjunction with the inverter 18. The inverter

stage 18 includes n pairs of swtches connected across first and S nd
rails 'A7a,,17b 30 which are coupled to first and second DC bus IiEEs;lGa

and 1Bb;- respectively. In the illustrated exanple, n is equal to

atthough n may be equal to. another num ber, as previously noted: — The
three pairs of switches are in the form of54i pol ar switching transistors,
desi gnated Ql- Q6. Very fast swi tching (100-200 nS) MOSFET transistors can

be substituted for the bij oI ar transi'stors, if desired, to 5 enhance
operational capability. TheathreerRadrs: 6f swidchesnadeedmcthe sforme of

col | ector-em ttBipsllaewéwjmﬂfﬁ@‘ erhheesvbes i aegida éﬁé ~06. Very
respectively. e VO esi_gna and, [err] are

devel oped at thgaf ‘Fq'ré' m&iZﬂS ﬁgg Fhs%s grg‘%of TARSAE $EATS af@Rarke 10
connected to thsubsadtnﬁed For phepdsipoldritransiatons, tlfe demmlceso of
the filters20, re f{;ﬁ,the

1 unped phase |rrpe gﬁgés ?% fé‘ {'er rfp%g neu coér)lﬁqejcg?ro%ﬁ% 5?701 %%%I 12
i & connected toc?ﬂéeﬁ‘éﬁ@raf-’r?éﬁt she Gpltlwtssmrt@@rlmwtlalherepf a

neutral bus |ingrg@. vﬁfbénn'g 1ht16daalm1-qﬂs§w tively.a feHERE RRidsof
wtches in the | %ustrat onnec ed across ‘the'rails 17a ,17b

with the junctidR ﬁg?ﬁbeﬁﬁééﬁ"gg?ﬁg asniectf (Yo t AESn8EVRAPPRAN@t3therhe
swi t ches of 20 jun¢hienpabetweeni rtltehetfansisf:obspolfareatdl'ﬁnﬁaSi-Ol:a&dQ?a:.Béld

C%Lj 10 connected to the load 12. For purposes of illustration,
the impedances of the filter 20, the current transformers
22 and the load 12 are shown as lumped phase impedances
ZA' ZB and zc. A neutral connection of the load 12 is
connected to the neutral voltage of the DC source 10 over
15 a neutral bus line 30.

An (n +'1)th pair of switches (i.e. a fourth
pair of switches in the illustrated example) is ‘connected
across the rails 17a,17b with the junction therebetween
being connected to the neutral line 30. The switches of

20  this pair are in the form of bipolar transistors Q7 and

08. | B
First and second current sensors 32,34 are
N connected in the path of the first and second rails 17a,
17b, respectively. The current sensors 32,34, in the
- 25 preferred embodiment comprise resistors; however, other
- types of current sensors, such as Hall effect .current

~ sensors, may be used.

A pair of diodes D7,D8 are connected between
the neutral bus line 30 and the first and second rails

30 17a,17b, réspectively, such that the current sensor 32 is
connected between the collector of the transistor Q7 and
the diode D7 and so that the current sensor 34 is con-
nected between the emitter of the transistor Q8 and the
diode D8.



A pair of

First.and second current sensors 32 ,34 are connected in the path of the

fi.rst and second rails 17a, 17b, respectively. * The current sensors
32,34, ipnshe 25 preferred enbodi nent conprise resistors; however, other
types of remt sensors, such as Hall effect current sensors, nay be used.

es D7,D8 are connected between the neutral bus line 30 and -
the.first \a second rails 30 17a, 176-respectively, such that the -
current” sensor 32 is connected between the collector of the transistor Q7
and the diode D7 and so that the current sensor 34 is con- nected between
the emtter of the traftrstornds seepndeDgi dms BWitchesr ormattsetbed DC

bus swi t Chesf§9§FGShdt Becbhasbuand i%@eon¢ NPT e st i At t fnd hgeblr st
and sec- ond rai

s,17a, 11 respectively. | These swtches conprise _

transistors QEdaﬁﬁlEﬁ01@%3£7hay¥$EP%F¥HY%E¥ DoTReSe18wWitches (Gomprise acr oss
the coll ectotrafisibtorsi QOUi dndt igdoecéacH hhaviiagsi &t @idded, 880 caf epoper at ed
to di scgnnect_one_or.b ‘he rai,l 1a, 17 fr 1 he spurce 10 when
L over 3o orcRigREParRERE HE, BiRchEl, ahifledhirGa e DbHeEERE.
current sensthe 82a8sistprsoQ9¢9Qd0oargoperated dfo tdisconnmeststone F and
QB is turned,gpnt gesiiyl 1410 4 eyps $ETGUELERL the e BeuEER! 1l ehel) 4N
order to return the current-bai{ L% tﬁe ‘oad. CpntroF o%-the traﬁ%?s%ors
Q7-Q O i s ef FREEEESh PR oFEEFREEALEYE sSCUBr DL obf (ﬂe’%ﬂﬂdcht?’sr§l49\/man "
greater det ﬁéithé;'zbﬁbt?ne Jcﬁzrhrent s,enslors_ Re$ | 41.231\2!86/,'[@1'@ Sl;br 3bo_€K|C|ept
as not ot her.- S el aw,, the contr ircurts are substantjally
identiggl anﬁ%héﬁ%e %Fﬁ%ﬁ?%ﬁwﬁfoangiggnﬁs3 FRedon to shiné€ "thé U

reverse current to the neutral line 30 in order to return

the current back to the load. Control of'the transistors

Q7-010 is effected by control circuits 38440, one of

which is shown in greater detail in Fig. 3.

15 Referring now to Fig. 3, except as noted other-

wise below, the control circuits 384:0 are substantially

jdentical and hence only the contro

scribed in detail.

¥

circuit 38 is de-

The voltage across the current 'senédr 32 is

20 applied to inverting and noninverting inputs of a compar-

ator comprising an bperational amplifier Ul through vol-

tage dividers consisting of resistors R3 and R4 and re-
sistors R5 and R6. The operational amplifiér Ul develops Ty

a comparison signal which is connected to an AND gate 42 ~
25 which receives inverted versions of three pulse width )
modulated switching signals for the transistors Q1, Q3 ¥
and 05, such signals being developed by the PWM control .

24 shown in Fig. 1.
"The AND gate-4éidevelops a control signal which
30 is connected to a first optically coupled base drive
circuit 44 to operate the transistor Q7. The control
signal is also connected through an inverter 46 to a
second base drive circuit 48 to operate the transistor
Q9. )



scribed in detail. The voltage across the current sensor 32 is 20 appl i ed
to inverting and noninverting inputs of a compar- ator conprising an
operational anplifier U through vol- tage dividers consisting of resist '
R3 and’R4 and re- sistors R5 and R6. The operational anplifier U devef©ps
a _conparison signal which is connected to an AND gate 42 25 whi-ch ;
regglves I nverted versions of three pul se dt h nodul ated swi tching signals
for the transistors QL, @ and 05, such S|ghals bei ng devel oped by the PWW
control 24 shown in Fig. 1. The AND gate 42 devel ops a control signal which
30 is connected to a flwg:<y§ﬂé¥ygﬁééx&wlp?g a§e<uﬂégefﬁécyb§t§§ tgt

operate the transistor Q7 The control I's al so connect ed_t hfough
inverter 46 to &h€edORdnyedding JORYY Qf (Uhais oleper bhant khet V&A?}FSFO?*—@

-7- As illustraitg@ iihvdsking Yﬁ?ﬂtthﬁefébfagﬁnatrééﬂﬁwlweét FRgstn@yt of
Ul is less than thﬁ_volta?e at |nver£ ng |n herfﬁ?ﬁéﬁ res onse_to
a first di- rectie&it*§° % ﬁ%tt h&% 1'F§’1 A&t ormal
operation & thepexadtiosr of mheodrpurtﬁrx h’ehepeuapubnalf &hel op lee'rathlbnlai in
a low state, th kAg st - 0, L gn a t gate
42 to also be |(r3? )ig\ci"v%sli.S ﬂe.l#ﬁf‘g%}oj\?\é‘gt%‘fg{g 2%1?%?96? Eﬁﬁ ?x?ngﬂgf?
transi stor Q7 aﬁGOQUﬁﬁgﬂiitﬂﬁ?Qﬁﬁ%ﬁﬁshXHtHE)QNPtgéﬁetﬁ to alsgcbsoepcé 10

- remains connect géwt G J NVERiLr 14w hlaaeugfbotﬂt&dlaldlgwaa apgred | 8¢ ReEE
|ﬁverter Operatlrané?étor dgt§¥6r¥ﬂ¥ksag§ug§e tran51égggnggaggvghat the
10 DC source 10 remains connected to the inverter 18 through
the rail 17a and allows normal inverter operation.
On the other hand, assume that a regenerative
or reverse current I is developed in phase A of the

AR
load. This condition could arise when the locad is an

P
H

\;

15 unbalanced one with infinite impedarnce in phases B and C
and a highly inductive reactance in phase A. Such a
current may exit phasé Afand'be conducted through the
-diode D1 and the current sensor 32. When the current
through the current sensor 32 reverses direction, i.e.

20 the voltage at the noninverting input of the operational
amplifier Ul exceeds the voltage at the inverting input
thereof, the output of the operational amplifier Ul as-
sumes a high state. This high state comparison signal is
combined with the PWM waves in the AND gate 42 to produce

25 a high state control signal when the noninverted version
of all three switching signals are in a low state. It
should be noted that during those times that the PWM wave
is in a low state, transistors Ql, Q3 and QS in the in-
verter are off, such operation being a result of the

30 pulse width modulation control of the inverter.

The high state control signal developed by the
AND gate 42 is connected through the base drive circuit
44, the inverter 46 and the second base drive circuit 48



or reverse current 1AR is devel oped in phase A of the load. This condition
could arise when the load is an 15 unbal anced-oné with infinite

| npedanc ”TN phases B and Cand a highly inductive reactance in phase A
Such™a ¢drkept may exit phase A and be conducted through the -di ode DI 'and
t he cur ensor 32. \Wen the current through the current sensor 32 -
reverses ection, i.e. 20 t he volt%ge at the noninverting input of the
operational anplifier Ul exceeds the vdltage at the i nverting input

t hereof, the output of the operational anplifier as- sumes a high state.

This high st t t he AND
gatz 4|29t ospr 1 CO a“sgﬁeh#g gfﬁ?% §2t ?‘gg g"&ﬂar"@%}e‘w vaﬁ"csﬁﬁsrrtl'\f’é'r?ed
versi on of aIQ9.t hrm seencinngigi g2al whene the Arapsistare Q9 lits shored be
noted that d ff‘%ﬁé‘og? &ﬁfﬁédtgﬁt the Ey%&ﬁﬁg h? E@v@ﬂs@wb'ita%te

transistors fn-_verter are o such 0 eratlonnbelng a
result of theeRre ﬁhﬁsé%?ﬁeh ﬁﬁdlﬂcatPB‘ﬁeEOﬁtsrcﬂlﬁﬁmmﬁF‘F efrem. thee high

state cogtrolfiaparadavel npedobpidirer\DtHat reirerse COPNGR: éﬁﬁw t he
base drive circuit 44, the |nvgwéer 46 and the se ond base drjve Cuit 48

8- to turn JTPXERPY Igxgi SFRAm BRiRG GeFYFRS 1't‘he" & N ESr iseen in®
Fig. 2, when timnallysiwhen Qe itransistbmiQ7 dsl tirrned o, dthe tﬁugaﬁ-ode D9

s reverse bl aspdh gn0clEpaget e SO Cgnahe D BOGR dris GEEEQDNELIGT 7.0m the,

5 first rail a to preve ent ARhe Teverse or regenerative current:

from bei ng reﬂ!ﬂ?%t&hﬁhetémb%tqn Q7AdeR - tthleon%mﬂ?ralmé#ﬂehe”rm st or
07 i's typned ffhuidCrbene 10ad.! VarKd/rroite | ffel TegenarativeoBdrtedd rst

rail 17a IAR takes through the circuit is marked by the arrows.

: : The control circuit 40, as previously noted, is
identical to the control circuit 38 with the following
exceptions: the current sensor 34 is connected in the

15 second rail 17b and is substituted for the current sensor
32; the transistor Q8 is substituted for the transistor —
Q7 and the transistor Q10 is substituted for the transis-
tor Q9; the 111ustrated polarlty of the voltage across
the current sensor is opposite to that shown in Fig. 3;

20 and, the AND gate inputs are coupled to inverted versions
of the switching signals for the transistors Q2, Q4 and
Q6 insted of the inverted switching signals for the tran- ;
sistors Q1, Q3 and Q5. 1In all other respects, the cir- i
cuits are identical and operate to connect a low impe-

25 dance path from one or both of the rails 17a,17b to the
neutral connection 30 so as to prevent regenerative cur-

o M2

rents from being returned to the DC source. -
It should be noted that the normal PWM control
of the inverter is unaffected by the present invention.
30 Also, the present invention is operative to connect a low
impedance path between one of the rails 17 and the neu-
tral line and to disconnect the DC source from the rail
only when all of the switches associated with that rail



t hrough the transistor 'Q7 to the neutral line 30 for 10 return to the
| oad. The route the regenerative current | AR takes through the circuij
mar ked by.the arrows. The control circuit 40, as previously noted, ig_
identiCal "to the control circuit 38 with the follow ng exceptions:
current sensor 34 is connected in the 15 second rail 17b and is
sybstituted for the current sensor 32; the transistor B is substituted for
the transistor Q7 and the transistor 010 ~8-substituted for the transis-
tor QQ; the illustrated polarity of the voltage across the current sensor
is opposite to that show in Fig. 3;§é€ and, the AND gate,inputs are
coupl ed to i nverfedRfer IPVRELRY @XE REtchi APLSI SRATRYIS 18 PrEVEPYSdYs
@, A and 6 i desetibedt Withnyespedtstot thenguaicgiohs ofotheh@dNDr gate 42
sistors 01, 03 and §5.e En alg. éhgn regpects, the cir- cuits are identical
and operate to B FERPEE 1 E% |&§ -*28° 2aance path fromone ar both of the
rails 17a,17b to the neut Fartbexrmorei,orth®0 present cinpveveion reayenbeatitie
cur - rentsﬁrowﬁ%bagyﬁ;w[gr}g@l@éym%é%f& b 9a£dwﬁfcﬂ05§t@et b

D

the normal PWM control _o I nverter is unaffec e%ﬁb t he presen
invention. 30 tArBdnaldge GAURIAR FAvERS oPYertper ERAdE 1 dTtothRdER fassw
i npedance path kaleweed @xaneistbes’ g7 and/Q8ndéolld beureplakeld By andine
dj sconnect the D& sqQurce jq9n1the rail gnhé when 3*} of Ife swi,t ches
a¥soci at ed wi t hItRat-H3RFIStOr. Lonnecied; RGEVEER HS F3115 RPE SREFALESH
is previously descmdimf vakdveesphe tvaniséstomst Q9 arid tQE0 AMDugdt dike- n
cqnectionov thyfid vd reyiaRRaBY®a ifigleteahsiBteRli On may be uti-
: By minimizing the return of regenerative cur-

rents to the DC source, the size of the bus filter 14 may

t

be reduced. ' Furthermore, the instant invention may be

used to allow operation of an inverter by a source which
15 cannot accept regenerative currents, thereby allowing the

inverter to be used with a wider range of DC sources.



5 ljized with single-ended DC power suppl i es which have two termnals
coupledﬂkﬁ\the inverter rails, in which case the two ors Cﬁ and 8

woul d epl aced by a sin- gIe transi stor connect etween the T s and
oper ated noted above. The transistors @ and QL M MM,”” W se
be replde€d by a single transistor. By mninizing t m![mﬂ —
regeneratlve cur- rents to the DC source, the size of the bds 14 mewy”
be feduced. Furthernore, the instant i nvBdt +on may be used to allow '
operation of frgrter by a source which 15 cannot accept regenerative
currents, there%y—ag omnn the inverter to be used with _a w der range of DC
sour ces. - 1o %?e inyertepniQE BRPEFALE NS, A RRNSR | FPha

pﬁwer Lrgm aI QSCSleﬁﬁ@eV\hhﬂbhhﬁ&stmtﬁém?ﬁébsC@U@bBﬁtﬁotE@eLﬂn@éfﬁir .
t hr oug us lipnes, the inverter g, I ai to_H.the nes an
out put s connec&éﬁb?%h bpgad-insicc ‘%ve?Y%’FE%BnEBv%Eg r21ds §o %R%et{
connect ed bet weke dnss oﬂ.mhe arsd | onépussd comnettedie tioai & s;loadsecemikch

swi tch coupl ed; belvegp LheopiseLdi! and the 10 other bus line; neans'
coupled to h one .rail or sensing_ the direction_of current

therein, such curr@nfibebngvitch ¢epreetedrbetveeriope wEntheviers dbiredped
by the | oad atigdpbset 8fr€hérfaidsthe DC source; and 15 nmeans coupled

to the sensing neans_and to th I rst nd S ches for, per tji.ng the
Sui t Ches wher byt ResePPEa° S¥AECh ceueﬁeﬁ ne Sk it cds the e

10 . other bus line;
means coupled to the one rail for sensing the \;j

direction of current therein, such current being in a
particular direction when power developed by the load
attempts to return to the DC source; and

15 means coupled to the sensing means and to the first
and second switches for operating the switches whereby
the first switch is opened and the second ' switch is
closed to. shunt 'curre'nt through the second éwitch from
the one rail when the current in the one rail flows in

20 the particulaf direction, thereby to prevent such current
from being returned to the DC source.

2. -An inverter according to c¢laim 1, wherein the
sensing means comprlses a resistor connected between the ‘?’
25 one rail and the one bus line.

3. An inverter according to claim 1 or claim 2, wherein
the operating means includes a comparator having first - -
‘and second inputs connected across the sensing means and

30 an output which assumes a certain state when the current
through the sensing means flows in the particular
direction.

4. An inverter according to claim 3, wherein the
35 operating means further includes first and second voltage



- closed to. shunt current through the secmone rai L@@
J

the current in the one rail flows in 20the ctlon t Her
to prevent. such current from being returne mgmlﬁgm

inverter according to claim 1, wherein ans . corrprl ses a
resi stor connected between the 25 one rail and the one bus line. 3. An
| Ryerter according to claiml1l or claim2, wherein the operating rreans

i ncl udes a conparator having first and secodd iput s connected across the

sensi ng; means and B3PiderHudaeh &dsmmgsrsgmeeoaséeiéal aoahat:eeah@éstﬂse;ors,
current. t hrough the ul ar dll’ﬁctl

4. Ah i nvert &¥P€ a%ﬁ)nglﬂglt?%e nif“é?‘%r? beiﬂﬂe?@?ﬂegﬁﬁé gg 8BEr &Lk
means further incthelesehsing mednsecamil thet ae@&:ond dm/lthages éavhdennﬁueusugng

tup ser| es conNeclsthd ARl Snd Mtriss shde0ldedher sh danoPhican CoRRC 1A

to one side of the sensi ng neans and the second vol
connected to The Bineriongbotveen thesrrgistars, °§nd’- en SfStJ anét |SG|¢9nd

between the resi sightadd diwidérstbeiny seﬁmélcu@éteeetﬂe FdeE® BAGNGecond
connected to the first %ﬁd seco d cor%arat ar uts, respectively. 5. An
|

i nverter accordi igPtRA*R rm’f;“P& S KSRPEC t\bl‘(«?rl i'n 10 the inverter is

sel ectively operated in a pulse width nodul ated, or PWM wave sw tching

between hi gh a“dm"&"aiﬁeﬁgﬁﬁ; : 1l WA NG TR Al IR 1hgliidigng wHE2ein

cbupled to the P o the conparator output °fof generat ng
control si gnal® wieie t ABVEYkERa s |§elﬁ°hlV©W1@Pe§ﬁé'—teé #mda tpaelse Wldth

conparat or  out pifod FISEBEEEES of NPuMGErdAld) 8hatBhing between high and low
~ states, the operating means further including means
coupled to the PWM wave and to the comparator output for

generating a control signal when the PWM wave is in a low

15 gstate and the comparator output assumes the certain

state.

6. An inverter  according to claim 5, wherein i:he-

operating means further includes means coupled to the

20 generating means and to the second swich for closing the

second switch when the control signal is generated, an

inverter connected to the generating means for inverting

the control signal and means coupled to the inverter and

g, the first switch for opening the first switch when the

25 control signal is generated.

7. An inverter according to any preceding claim,

- ' wherein the first and second switches are transistors.



6. - An inverter according to claim 5, _wherein the operat| ng rreans
further includes nmeans coupled to t he 20 generatl ng nea o the

second sw for cl osing the second swtch vvh nal -is

gener at e( ?, i nverter connected to the gener m w, verti ng the
control gi gngl and neans coupled to the |nverter an svm tch for ~
openi ng the/first switch when the 25 control signal is generat ed 7.

An‘ inverter according to any pretéal‘ng claim wherein the first and
second switches are transistors.. . -12- S. In a three- phase i nverter for

generating 2 t hr ee- phase ,AC po fIc DC, r h Log fir and
second terminals, the Tirst™te m%fe%%%s%o&gﬁg%&%?g ?#: gene%\; r

t hrough 2 DCthxeerphaset A spowed from | DOeisoyreenreaviow tfirht iamdert er
and 10 a | 0a0eckld LAYRIhANs] thel Rikudl Rerfiindll pedn connéﬁt ol &) Gggnect ed

bet ween the rail second sw tch
tween t e raﬂl‘“’&ﬁd—%hé@@b‘&ﬁd at BFmbH&I 1§eeuFPGntse§&'i‘§0 nadn beizg

cur[enltI in t?;ﬁnh?ldte?nctcgﬁ‘%ﬂé cxwaeﬁd t@ﬁ hﬁdeot&h?j,dé#&,r eehest%w:ctfe&r

contro ng e.fir,st and_second s ches hod o eventin )

regeneraﬁlve ingipdipe, 2 r ﬁé@m &e#%@ttﬁgl%g d 9 te%h E‘f’ﬁ?ﬁed‘h[eo the *

DC source tl:a:.rietdmﬂ o€ sbug: IMe, a second suitbhzcngnet:h.ed be~-rent

sensor e A8SeliE ‘?]a{# re t %QQ rs@ns, rand 16,
0 0 ent |rs

operati ng the contr i ng nmeans cl ose
second. swi t cfoxhesensing cpurrentgin ﬁhQ/eréalrémd Mﬁqfh% ¢9Nlef-"§eéett@ct ed

to shunfp suchheUrcur @it tSewsh 62 coatrbl 1ihg &the PELYEO! afHC R BdHENt u
switches, a method of preventing regenerative current |
12 developed by the 1load from being returned to the DC
source, the method comprising: -

14 utilizing the current sensor to detect the
presence of regenerative current in the rail; and

16 'operating the controlling means to open the

' first switch and close the second. switch when a regenera-

18 tive current in the rail is detected to shunt such cur-
rent through the 1load to-thereby prevent such current

20 from being returned to the DC source.

9. The method of claim 8, wherein the control- _
2 ling means includes means for sensing the direction of r
current in the rail and wherein the utilizing step in-
4 cludes the step of detecting when the current in the rail
is in a certain direction indicative of the presence of
6 regenerative current. _ ' -



20. frombeing returned to the DC sourceﬁ The iu:L hod—of—cl ai m 8, .
wherein the control- 2 ~ ling nea I ncl udes neans g the =
direction, of current in the rail and vvherel I"l I"l'Llll HHHEtep | ;
~cl udes the step of detecting when the curre -
“direction indicative of the presence of 6 regeneratlve current(
10, The nethod of claim8, wherein the current 2 sensor devetops a

vol tage on either side thereof and wher €&l 13t he utili zi ng step includes the
steps of: 4 corrparl ng the vol tage on one SI de of the cur-

rent sensor with the vol the e .of and
generating a comparison gnal é:g’&laceizﬁicf im 8\M f"ﬁ‘et"ﬁé 3%]5alc|u§6ﬁ%| ch
assunes & cert sensstrat éewbéapshea vvoilldggeonon heithersi dédexctdeziedheand

Y(rjlllfa??ezon thteg}% s cont roI ﬁc}q%lnél tﬁg}g c}%h 3’“ Ltt%g: oP \m\l\ﬁ/lr e:/vgvtehe
swi t chi ngt bet ween fir st mpge'@md @%t%@ ‘éﬁﬂevxﬁér ene, side |‘hft KBeogurat i ng

~step includes thgStE88s6Ff Witsr HHKW BetBYY v erRe@dotaBRi itk | f aRneND
gate thesé nverted PWM 6 wave and the conparison signal to derive a
control < gnal S&5%ie @M% st and second switches. 12. The nethod of claim

11, wherein the oper- 2 gena:ta'uigxgstap dmmp&ﬁsdmclsdﬁnalthmshemrdhnce

GoUPI g ghe CQniviol . L 0dhohQs L8 SARONM SULLRDe WVALIIA, [0EaEQ ndn,

trol signal cou gnal
the voltage on the one side exceeds the voltage on the
- 10 other side.
(N .
11. The method of claim 10,. wherein the inver-
2 ter is controlled by a pulse width modulated, or PWM,
wave switching between first and second states and where-
4 in the operating step includes the steps of inverting the
PWM wave and combining in an AND gate the inverted PWM
6 wave and the comparison signal to derive a control:signal .-
for the first and second switches.
12. The method bf claim 11, wherein the oper-
2 ating step further includes the steps of coupling the
control signal to the'second switch, inverting the con-
U 4 tfol signal and coupling the inverted control signal to

the first switch.

w



13. In a thr

neutral t

Vr gt

pulée w et h

connect ed be
bet ween t he

ee-phase static inverter for gene- 2 | rating three-phase AC
power from DC power devel oped by a DC source ‘having Two term nals and a

rmnal 4 coupled to the inverter over t |k nd a
hne, respectively, the inverter and thea!\m lﬂ““!limllg bei ng
a load, the inverter including first mrasl s~ coupl ed, ~

.and second DC 8 bus |imeb4=~respectively, and operated by a s’
nodul ated, or PWM wave switching between first and sec- 10
ond states, apparatus for preventing regenerative cur- rents devel oped in
the | oad from being retlidnedIRodtHereg-Bhase stakie invemptexifRr gene-w st

swi tch bgt weepatifgf thebebphabénBCapewds fromhec! ipover’ @dvie BB sWi tch

t the fiyst. 16 . | d ih
oRPIGE | PREISG, tre terRiials oal

e ngﬂralline a thifd switch

r & | PeRtEAd, (teEinak,

connect ed betoeseplé@ietecthedifiertezi bverndtwbeDgebusall inese arfd rstngmans
{ I St i va2 I n ' e e r erative
ekl Sl | BheStlanigt end inblECRESSHE b oL

coupled to t
currents the

rern, Seco nme coup ne secon

3 nsi ng

the pres@nce bineechedagateonnegtednte ehckaddy thestinyveinter oireiuding neans

coupled to t
sw tches _for
and t he geco

away frogth

12
14
16
18
20
22
24
26
28
30

32

hei 26t andi E8EoR@NBPAIDs "EANS16d ded Othd1of {446 add s SESH be

=

oper qt.ing the switches wherepy the first switch_is 28 _ opened "
ﬁﬁ€§wﬁﬁ 4 _ #RGe din ,
the first-raithedullatéd; Pob puMe ¥dve iswiitehihg betvicent Fiasto arfdingesur r ent

5 TeReSF n AR

eox%:' states, apparatus for preventing regenerative cur-

rents developed in the load from being returned to the DC
source, comprising: _ '

a first switch between the first bus line and
the first rail; _ _

a second switch connected between the first
rail and the neutral line; o

a third switch between the second bus line and
the second rail; - S .

REPZ2teL, PY R BNl Ses Wikt

a fourth switch connected between the second

rail and the neutral line;

first means coupled to the first rail for sens-
ing the presence of regenerative currents therein;

second means coupled to the second rail for
sensing the presence of regenerative currents therein;

.first switch operating means coupled to the
first sensing means and to the first and second switches
for operating the switches whefeby the first switch is
opened and the second switch is closed when a regenera-

ey

tive current is sensed in the first- rail-and- the PWM wave

is in the first state to shunt current away from the DC
source and through the second switch, the neutral 1line
and the load; and



source and through the second smntch the neutral |ine 32 and the | oad,
and ~ - 15 - second switg¢h operating means coupled to the _gfﬁng senS|ng
nmeans and:to the third and fourth switches for opeating t. (3 t ches
mhereby the third switch is opened and the fourth switch i ed when a
regenerative 5 current is sensed in the second rail and the PWM wave is
| Rpd he-first state to shunt current away f&gnlthe DC source and through

the fourth switch, the neutral line and the*Poad. 10 14. An n- phase
i nverter for generatBﬁgon@ [FAdCh repera e ovesns icpupledneamsthier second

Do the D sour oo ehuit, M ind s W0 M canlEddeth ey benas ERE
“drawi ngs. opeatlng the switches whereby the third switch is opened
and the fourth switch is closed when a regenerative
5 current is sensed in the second rail and the PWM wave is
in the first state to shunt current away from the DC
. " source and through the féurth switch, the neutral 1line

and the load.

10 1l4. An n-phase inverter for generating AC power from a
DC source, having means for preventing regenerative
currents developed by the load from being returned to the
DC source, substantially as described herein with
reference to the drawings.
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