Current Source Inverter Background of the Invention The present invention
relates generally to 5 n- phase ~i:nverters ‘and nore particularly to a
current source inverter in which current is delivered to a load to maintain
the voltage_ across the |oad at an approxi- mately constant PeVel2?ANyerters
for-devei?e%hg pol yphase AC power 10 froma DC source typitaty ¥rclude
n pairs o ransi stors connected across first and second DC rails which €
carry current fromthe DC source. Such types of inverters are subject to
operational difficulties, stch as ripple de- vel oped by the DC source and
the return of reégenerative 15 currents devel oped by the | oad during off
periods of the inverter_CurreatDSoungeelnVRELart enpt to .overcone the
above-noted prob- lenms is to utilize a large capacitor in parallel with the
DC source. The capacitor absorbs regenerative currents 20 and is
sonetinmes used in conjunction with an inductor in an LCfilter. However,
such types of filters becone unreasonably |arge and heavy for use in

applications requiring m @ | 'size and weight. One way to overcomne the
ripple probleéﬁEEEEBEgg-ELuEEELééﬁﬁﬂﬁﬂéﬂ&ctor in the DC bus to cause the
inverter to operate as &heur paeiseartir Gipventions redttéissclgemsralilRettoy
U S. Patgnt . 9, a rr S . ] r es_ nQ jre
DC bus fI§| te?gcgggg%tprzgégf%%gt h%ﬁguﬁé% %ﬁ?éﬁgéggég t hggi nver %#P%g.
sonewhat indesoggce gankarkenfimCwbich cuwrrenteis deddmared hto @ rioad
does not mainggi hALiHELN tReOWHI ddtfe | BEYOLe £hé! 18281 fat an-approxi-
mately constant level.

Inverters for developing polyphase AC power

10 from a DC source typically include n pairs of transistors

connected across first and second DC rails which carry

o/

current from the DC source. Such types of inverters are

subject to operational difficulties, such as ripple de-

- veloped by the DC source and the return of regenerative

15 currents developed by the load during off periods of the
inverter to the DC source. .

One attempt to overcome the above-noted prob-

lems is to utilize a large capacitor in parallel with the

DC source. The capacitor absorbs regenerative currents

20 and is sometimes used in conjunction with an inductor in Y

an LC filter. However, such types of filters become

unreasonably large and heavy for use in applications
reguiring minimal size and weight.

One way to overcome the ripple problem is to

25 utilize an inductor in the DC bus to cause the inverter

to operate as a current source, such as that disclosed in

Rettig U.S. Patent No. 3,829,754, Such a current source

inverter does not require OC bus filter capacitors since

the current developed by the inverter is somewhat inde-~

30 pendent of DC supply voltage. However, this circuit does

not maintain current: through the inductor during off




peri ods of the inverter, and hence the | oad voltage may drop bel ow ai
opti num:evel and/or there nmay not be sufficient |oad current to '
breakers between the inverter and the load in an overl oad conditi{oOR.
Also, 5 " this circuit does not -prevent the retun of regenerative
devel oped by the load to the DC source. One proposed solution to the
regepnerative current problemis disclosed in our copending Patent _
Appl i-eation No. 10 8425698 filed herewith,, claimng priority from Us
Appl kcation No. 542578. Such an inverter includes neans for sensing a -
regenerative corpiniads i of t bheDAnygstexparand oheniee otipei Agadh& B¢ ags ey

fromthe invert dpyagags iRr Mdn0 1601 easaZ6AL | Mo rdIl MARE hB8tt hse.
i nverter 15 baﬁr‘%‘g the load an avvaégf romthe Dc,f 2
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of f under pul se mvrredahdat ithe dwdd oin the mreriodd t bondghiohe DQibsrs, 20

and the indugtor_is interrupted wh t .hvert i , esid $d ng
*n a nonent ggy c‘iﬂ?rsenflﬁ%‘ﬂ’ i§ﬁ$§ ?‘E’tt [Er%%vngtgéemﬁgﬁhghgﬁq%%%’%% 'S ve
turned back on. Gurments dewdiloped dyt i the 2pad tackthe RAh®OUrge h the
present. invention, an n-phase current source inverter includes neans for
mai ntai ning the current through a DC bus 'ﬁi"va | evel sufficient to maig]t_ai n

| oad vol tage at e BRIRARTH| §1 HiRh 4R HeIRRTHAVE PIFER hproplem
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bus . and a jail lhverte _ ren S .eCct. e I
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i f additional cuggeniedd B tderegenerative condition in the DC bus, means

- for decoupling the DC source from the inverter und means

rrents

for shunting the regenerative current in the inverter
15 back to the load and away from the DC source.

However, in the case of the current source inverter
described above, which is turned 6n and off under pulse
width modulation control, the current through the DC bus

20 and the inductor is interrupted when the inverter is off,
thereby resulting in a momentary current‘defitiency in
the inverter when the inverter is turned back on.

- Summary of the Invention

25 In accordance with the present invention, an n-phase
current source inverter includes means for maintaining
the current through a DC bus at a level sufficient to

. ' - maintain load voltage at a substantially constant level.
Current regulating circuitry in the form of an inductor
30 is connected between the DC bus and a rail of the

Ll

"inverter. Current sensors detect the level of current
through the DC bus and the load current developed at the
output of the n-phase inverter. The sensed currents



DC source is needed. |If this is the case, a switch be- tween the inverter
and a neutral terminal of the DC source i's cl-osed when the inverter

rail

|l ow cur- 5 rent to circulate through the inductor so that a

of current is available during on periods of the inverter. The

ention may be conmbined with the circuitry shown in the above
non patent appli- 10 cation to reduce DC source ripple and tQ/f

red@Eb the re- turn of regenerative currepts to the DC source. Such a
circuit would allow the conplete elimnation of a DC bus capacitor filter,
t hereby reducing the size and weight of the resulting power supply system
Bri ef. Desareptompavedt ke Bedamgneiif ddditidnck carxemtn 6fomnthe
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circuitry shown in the above noted Glennon patent appli-
cation to reduce DC source ripple and to reduce the re-
turn of regenerative currents to the DC source. Such a
circuit would allow the complete elimination of a DC bus
capacitor fiiter, thereby reducing.the size and weight of
the resulting power supply system.

Brief Description of the Drawings
Fig. 1 is block diagram of an n-phase DC-to-AC

inverter system; _

Fig. 2 is a schematic diagram of the inverter
output stage, filter, current transformer assembly and
load shown in block diagram form in Fig. 1; _

Fig. 3 is a schematic diagram of an inverter
output stage, filter, current transformer assembly and
load which may be used in lieu of that shown in Fig. 2;
‘and _ _ i
Fig. 4 is a schematic diagram of one of the

oad
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switch control circuits shown in block diagram form in

Figs;_z and 3. .

Description of the Preferred Embodiment _

Referring now to_Fig. 1, there is illustrated
an n-phase inverter system which converts DC power devel-
oped by - a DC source 10 into polyphase AC power to drive a

ower devel - oped by-a DC source 10 i nto pol yphase



been illustrated as a three-phase inverter systemfor driving a three-phase
| oad; however, ‘it should be under- stood that the present invention is in
no way limted to 5 a three-phase inverter but may be used in | =
conjunction with an n-phase inverter, where n nmay be an integer grea{EED
than or equal to one. The DC source may be a generator” and rectifier

ar rgngenment whi ch includes control. and protection cir- 10 cuitry for
operaty ng the generator. Alternatively, t@e DC source 10 may sinply be a
battery or other source of DC potential. In any event, the source 10

i-ncludes two termnals at first and second voltages and a neutral or comon

telr m nal | whi fh ile,ﬁat 3 Vol':'l?élezﬂirﬁm::beywem tghowhb 1|n dﬂhéh Sarawdngecmd;
VO tage evel s e oy ut romthe source 10 i.s couple rou a _Du
abt e ERE o s fe Yo

filter 14 over Beeﬂu gri%e 02%n FnfiEreephage ?ﬁsr ﬁ§er
devel ops t hree- ﬁhasanécqmmhzedﬂphasﬂuidla1xhwwevzr1hetlsheeli6belmnder-

ehrough a f Sloe%té%(aar?'é1 a curré*':t Wéﬁ’hoﬂ"%é Vﬁrégrw;§ F'.Iisj'ml'CL geq._toed

through a filter rans ormer assenb
current seBsi ngasi theeeTBhaRe cHoyeatey thikt chayeke t P§ﬁ§f okReCORITBRBILPL2.

and is coupled {Qt% PEhSIpKEde ZEinverFEeéul affh@fe & Bentadwl i2dedfirch
.eontrols switches in the |nvert ﬁ The PWM control 24 al so receives a

si-gnal represenﬁFﬁ&tFﬁéq afe Ao &° P8frage of each of the phases
delivered to the |load 12 ghemsad snnnceemayebenaegengnatonnaadhmectﬂfléﬁ)'

The PWM control o4 J '%[egn%%\és%fhf I ;39 Rl éagtéweaaeh eg:&eg&% nf @jdhe

swtches in theinve erring nom/t ustrat ed
|ﬁvgreateﬂ0detamuuﬂﬂ¥|fﬂ%r999r§81890W#qlgqnifaQPrJheAlternath&ly: the

DC source 10 may simply be a battery or other source of

-DC potential. In any event, the source 10 includes two

terminals at first and second voltages and a neﬁtral or

common terminal which is at a voltage midway between the
15 first and second voltage levels.

The output from the source 10 . is coupled
through a bus filter 14 over DC bus lines 16 to an inver-
ter 18. The inverter 18:develops three~phase AC power
from the DC power on the lines 16, in a manner more spec-

.20 - ifically noted below. | ' :

The inverter 18 is connected thfough a filter
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 coupled to a pulse width

25 modulation, or PWM, control 24 which controls switches in
the inverter 18. The PWM control 24 also receives a
signal representing the line-to-neutral voltage of each
of the phases delivered to the load 12 as well as a re-
ference signal on a line 26. '

30 o " The PWM control 24 is conventional and provides
time ratio control for the switches in the inverter 18.

Referring now to Fig. 2, there is illustrated
in greater detail the inverter 18 shown in Fig. 1. The



-5- inverter 18 is shown as a three-phase inverter, it being understood
that a greater or |esser. nunber of phase vol- tages may be devel oped by the
inverte . Three pairs of switches are connected across 5 first and
second \i\nferter. rails 30a, 30b with phase vol - tages VA V8 and V and phase
current "B and | C bei ng devel oped at the junctions between swi tches.
of each Ir. In the illustrated enbodi nent, the swtches com prise A
bigﬁhar switching transistors QlL- Q6 each-%waving a 10 free wheeling di ode
D1-T6 connected across the col lector- em-tter -circuit thereof, :
respectively. It should be understood that other types of sw.tches may
be utilized, suoterternsil§chs shownopbecs threerphase tinverten, tike beimg

provpded thatdﬂﬁ@%ﬁ%&dﬁ‘%ﬁE%iQQgEEQtEQWBHtQEE@lﬂﬂddHﬂér Jd® phasd ¥§1-
provi ded therefor. The gggse currents are connected through cur- rent

transformers XREeFRY dawriered herheodnantenots t o respective phases

of the load 12. -For comaree i paies (& swpiedhese aﬁetbenpbgteﬁ Oadcides | oad .
12 are 2 U u | 1] Si rl.. Threg sets

of br eak%r cors#'}gl"sa%%,'ggggnéna'q’yf@]t%%ed%’sg!g%ggﬂggét \%\'é% t‘ﬁ'éa%ﬁ Hif’

outputs of thedgesrVge afyl anhé N@den@emas@ndcu@@sr%é;rﬁ ulead nky, )
circurtry I's Gy tféxé&%pe?é at élil(_%ejhﬂé'@i% Biewddlf SsWLechd o fNadp rst %

‘and second DC ralls 30a, = 30h. € current regulatlng'0|er|try I S

shown in the RA¥H-of Emokbecdijlushrated cempedimenhd EheWREHNES FR™T api d
variations inprildeerbipdlarigbwiltehing ldrmmsidtorkddpl +0hakactr MHVing a

-regul ati cirguitr . be 30 .. ddized in conjunction wth e _ .
auctorPLe Arpd shqEing goae i ne Tl el A2 Wik | oliBeror -
i nventi.on emitter circuit thereof, respectively. It should be
understood that ocher types of switches may be utilized,
'such as silicon controlled rectifiers, triacs or the like

. provided that appropriate gating and commutating circuit-

15 ry is provided therefor. | - : S

_ The phase currents are connected through cur-
rent transformers 22a, 22b, 22c and LC filters 20a,20b,
20c to respective phases of the load 12. For conven-
ience, the impedance of the phases of the load 12 are

20 shown as lumped guantities designatgd zLA’ ngland ZLC'
Three sets of breaker contacts 23a, 23b and 23c are dis-
posed between the filter outputs of the inverter and the = -
loads ZLA' zLB and Zic° o

_ - Current regulating circuitry is connected be-

25 tween the DC bus lines 1l6a, 16b and first and second DC
rails 30a, 30b. The current regulating circuitry is
shown in the form of choke coils or inductors L4 and LS
which prevent rapid variations in current through the bus
lines 16._ Additional current regulating circuitry may be

30 . utilized in conjunction with the inductors L4 and LS,'if
desired. : _

It should be noted that the present invention

using a current source is particularly useful in instal-



u5|ng a current source S partlcularly useful ininstal- = -6- lations
where the DC bus lines 16 are relatively long, thereby causing the

i npedance of the bus lines 16 to be sonmewhat inductive. Such an _
arrangenment can cause vol - tage spikes of |arge magnitude to be generatgd
on the bus 5 lines 16 when the inverter is switched on-to-off or
t o-Qn. The choke coils L4 and L5 together with two tran- sistors Q7
descyrTbed nore specifically bel ow, prOV|descurrent source operation
remedy this problen1by snoot hi ng the current through the bus lines 16 and

10 hence pre he _gener r n,
current. sensorsxgggo bwg‘ee sea%] ré"raﬁgfh?% ;gt I?gsePnlkdgf %&éﬁz aﬁEgLS
respectively. therabypcabsingd ténbo'mmr}ce mfcuheemsdrms BPata2be
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fromthe DC sou I's fl.lomng I n eac e |1nverter at t IS

tinme. The transP¥t mOQEhing theaurzaiiecthaopshuddie (hes| dddasor L6 [ 2ndnd
L5 . respeawi vel jense apﬁeﬁﬁﬁﬂ|1hu$ generation of large voltage spikes

thereon.

Two current.sensors.jza,BZb.sense *he current
through the inductors L4 and LS, respectively. 1In the
preferred embodiment, the_etrrent sensors 32a,32b com-

15 prise Hall effect transducers which are non-contacting
devices which do not affect the current in the DC bus 16.
| Diodes D7 and D8 are connected across the in-
ductors L4 and LS and the current sensors 32a,32b, re-
spectlvely, to 61551pate any back EMF generated by the

20 inductors.

_ As previously noted, the inverter switches
Q1-Q6 are operated under control of a pulse width modu-
o lated, or Pwm; waveform developed by the PWM control 24.
When the PWM waveform is in a low state, all of the tran-
25 sistors Ql-Q6 in the inverter are turned off. Conse-
' qguently, no current from the DC source is flowing in each
of the inverter rails 30a,30b at this time.
Thée transistors Q7 and Q8 are connected between
the inductors L4 and 1S, respectively'and a neutral bus
< 30 line 34 connected to the neutral terminal of the DC
" source 10. The transistors Q7 and QS are controlled by
switch control circuits 36a,36b, respectively, which
operate the transistors Q7 and Q8 in response to the



30 line 34

connected to the neutral termnal of the DC source 10. The

transistors Q7 and QS are controlled by switch control circuits 36a, 36b,

respectiyvely,
-7- currepty s
It he

one 6r both 5

‘and filtered | oad current

whi ch operate the transistors Q7 and QS in response to the
ensed by the cukrent sensors 32a,32b, the load current as
current transformers 22a-22c and the PWV wave. |n general,

of the inductors L4 or &%~ this condition defines an

Is greater than the current through\;

i ncreasing load current and one or both of the switches Q7 and @8 is turned
PWH wave is in a low state (i.e., when the inverter is off) so

on while the
that the cur-
Subsequent |y,
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sequently, when the PWM wave reassumes a h1gh state
and turns cn three of the six swztches in the inverter,
the tran51stors Q7 and QB are turned off and current is
immediately ava;lable to energlz_e_ ‘the load phases and
maintain the phase voltages Vao VB'and V. at a regulated
level. '

-an alternative inverter output stage 18 which may be used

20

25

30

in lieu of that shown in Fig. 2. The circuits shown in
Figs. 2 and 3 are identical with the exception of the

_addition of transistors Q9-012, diodes D9'and D10, resis-
tors Rl and R2 and control circuits 52a, 52b. This addi--

tional circuitry is ut1112ed to prevent the ' return of

regeneratlve currents developed by the load to the DCl

source. The operat;on of this c;rcuztry is described in

.our copending Patent Application No.8¢25698 referred to

above.

Briefly, the voltages across the resistors Rl
and R2 are sensed to determine 1f a regeneratzve condl-
tion has arisen. For example, if the voltage across the

reslstor Rl 1ndlcates that the current therethrough has

switched to a d;rect;on opposite to the normal current
flow therethrough, then the transistor Q9 is turned on

Referring now to Fig. 3, there:is'illustrated_

o

Y



Brlefly, the voltages across the resistors R and R2 are sensed to _
determine if a regenerative condi- 30 tion has arisen. For exanple, if
the voltage across the resistor Rl indicates that the current therethrough

has switched to a direction opposite to the normal current flow
t her et hrough, then the transistor @ is turned on and the tran5|§Q€b
i s turned off by a disconnect signal fromthe control circuit 52a t )
decoupl e the DC source fromthe inverter -gad to route the regenerative
current back through the neutral connection 34 and the 5 | oad 12. A nore

detai |l ed description of the operation of the circuitry may be obtained by
reference to thendbdhe hoapdiptoentQbbpliscatuomedhiofif i byher eBisconnect.
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one of the switch®control circuits shown 1 n
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detail. Asg u e.curren sen
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The filter 40 ctheesincuitryi mayrbepebtatinethdyc wefartersmnses thecaboeat
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produced by virtue of the ntroduced by
si gnal developeﬁe%?r?WEFcurrent sensor 32a. The signals representlng | oad

- current fromthe current Réﬁ@ﬁfﬂﬁ%ﬁﬁ&wz%dﬂfagonﬂ C&m@ﬂé3f3f21§§ﬁ59532§a o
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~through a scal i?igam@t3. The swztch control circuits 36a,36b are identi-
- cal, with the exceptions noted below. Hence, only the
. . switch control circuit 36a will be discussed in detail.
As seen in Fig. 4, the output from the current
15 sensor 32a is coupled through a filter and scaling'net—
work 40 to a summing junction 42. The filter 40 causes a
lag with respect to the current sensed by current trans-
formers 22. Therefore, if the output current increases,
an- error is produced by virtue of the lag introduced by
20 ° the filter 40 in the signal' developed. by the current
sensor 32a. The signals representing load_current from
the current transformers 22 are connected to a three-
phase average current circuit 44 which develops a signal
representing the average real load current of the three
25 phases. This signal is connected through a scaling net-
work 46 to a second input of the summing junction in a
sense opposite that of the output from the current sensor -
32a. S
The output from the summing junction 42 is an
= 30 error signal representing the difference between the
current through the inductor L4 and the three-phase aver-
age current. This error signal is compared with a refer-
ence signal in a comparatof'48 which develops a compari-



Work 46 to a second I nput of the sunn1ng junction in a sense opposite that
of . the output fromthe current sensor 32a. The output fromthe sunmm ng
junction 42 is an 30 error signal representing the difference between
the current through the inductor L4 and the three-phase aver- age current.
Thi s ersignal is conpared with a refer- ence signal in a conparator 48
whi ch devef ops a conpari - -9- son signal which is in one of two stateS\4
dependi ng upon the conpari son performed %=t he sunmm ng junction 42 and the
conparator 48. The conparison signal is in a high state when the filtered
current through the inductor LI 5 I's greater than the | oad current and
is in alow steer shgnaihwhicht deedin eretof &Wor &hates |dererding t Beonoad

current. The GeH@aE:bﬁ@eri!seﬂabeﬁ&a@ae%edtﬁe eamanquﬁiudaﬁdmm aﬁdan |
~ AND gate 50 which receives one o secon
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second input astateewhed \&rslmmred]ecmmavehrbnght Hdnec aisredwd tdiheL 1

circuitrygsho , =4 C S; he sfEGPNgs ut a
control s?gnargs EﬁdQer thé% at es ?he f%gﬁg E?MF t§ lhT%é contgo%Eg
signal for thGWheanthslfnétegsdl9n§HC¢n¢eMﬂﬁiaﬂﬁfﬁﬁwﬂQﬁst?h?%ohh?oloéﬁgna
for the tran5|ﬁ££ which is operated by the discon- nect signal to
decouple the c e caII L4 fromthe rail 30a furlng a regenerative

“condition, as previousl yTh®t &Pmpagison signal if,comnpcfed bm 3t ARD
‘gate, Fig, 4, Yérting Qrphedofoan ANBegdteVvB0cwhicht rédeivespenateft bwo -

transi - jpor Qs ol 9,950 Gha SApHIed 90 HECALE b ERLCHizcuitry U

shown in Fig. 2, the AND gate 50 receives as the second
input .an inveried version of the PWM wave. In the case
of the circuitry shown in Fig. 3, the AND gate 50 re-
ceives as the second input a control signal which oper-

15 ates the transistor Q9. - The control signal for the tran-
sistor Q9 is an inverted version of the control signal
for the transistor Ql1 which ié operated by the discon-
nect signal to decouple the choke call L4 from the rail
30a during a regenerative condition, as previously noted.

20 _ The signal from the AND gate, Fig. 4, is con-

' nected to a base drive circuit 54 to operate the transis-
tor Q7. 1In general, Q7 is turned on when the filtered
current through the inductor L4 is less than the average

-.real load current of the three phases and when either the

25 PWM inverted signal is in a high state (Fig. 2) or the Qs

control signal is in a high state. |

- The switch control circuit 36b which controls
the transistor Q8 is identical to the circuit 36a, with
the exceptions that one of the inputs to the summing

30 junction 42 is from the current sensor 32b, as opposed to |

- the signél_from sensor 32a, and that the second input to
the AND gaté 50 is the Q10 base control signal or the PuWM
inverted signal, as the case may be.

»
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current through t he |nductor L4 is less than the average real |oad current
of the three phases and when either the 25 PWM inverted signal is in a
high state (Fig. 2) or the Q control signal is in a high state. Tzéf:jtch
control circuit 36b which controls the transistor B is identical o:ih
circuit 36a, with the exceptions that one of the inputs to the su 30
junction 42 i's fromthe current sensor 32b, as opposed to the signal from
sensor 32a, and that the second i nput t ckdre AND gate 50 is the QLO base
control signal or the PWMinverted signal, as the case may be. In the
case of the circuitry sh currents through the inductors
L4 and L5 are'main- ¥arngﬁp #R?n833538§i£§5rﬁf¥ﬁ9 Eﬁ%rﬁggwﬁflPh@HQﬂm§¢er
so that a readytlmucuerehtsutheoughs theni indbetdos LMe damd 65 areemisin-when
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Fig. 3is utrlrz durin Ve Currents
devel oped by t Hhat @ readyieFOBFCEOLE (ﬂurtrI‘PéWt r%ﬁrsﬁ%@blébtylfaﬁdtdg?z -mary be

dif while ithajeriedaitenl Gt iPisddrRedu 15 (tArhdd Bcildh my be on to
"circulate the regenerati v qé{rent bac thrqﬁgh the load. ., In such a case,
either or both of the tr (?%ﬁﬁqﬁﬁme§QQYQn%QH%&§rt%e

turrent flow1ﬂrsngh11haednddur1ngr$He4tﬂm&othaﬁ regenetitd veasur sdreys t he
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current - . regenerative current back through the load. In such a
case, either or both of the transistors Q7 and Q8 are
turned on to maintain the current flow through the induc-
tors L4 and/or L5. In such a case, when the transistors
15 Q9 and Q10 are turned off and the transistors Q11 and Ql2
are turned on, a source of current is available to supply
the load and maintain the phase voltages at a regulated
" level. '
Regardless of whether the circuitry shown in
20 Figs. 2 or 3 is utilized, by controlling the current
through the inductors L4 and LS5 during off periods of the
inverter, sufficient current is available to supply the
- ' load, even during a fault condition in one of the phases,
such as a short circuit. 1In such a case, enough current
25 is generated to insure that the breakers 23 are tripped
to clear a load fauit.
Referring again to Fig. 3, the transistors Q7
and Q8 may be eliminated and the function thereof can be
_ - assumed by the transistors Q9 and Ql10. For example, if a
T 30 regenerative condition has arisen causing transistor Q11
to be turned off and transistor Q9 turned on and if it is
determined that the current in the inductor L4 must be
increased to satisfy load requirements, then the transis-



t hrough the inductors L4 and L5-during of f periods of the inverter,
sufficient current is available to supply the |oad, even during a fault
condition i one of the phases, such as a short circuit. In such a case,
ent7/25 is generated to insure that the breakers 23 are
tripped t sar a load fault. Referring again to Fig. 3, the transistors. .-
Q7 and (8B y be elimnated and the.fmegipn t hereof can be assuned by the
transistors 09 and QL0. For exanple, if a 30 regenerative condition has
arisen causing transistor Q1 to be turned off and transistor @ turned on

and i f i'é I's deder i‘letﬂag' hﬁé_{:ﬁﬁnéarbﬁmtoih@rbbﬁ.dien@qiﬁhlfbMibecur-q .
increased to satisfy |oad requirenents, then the transi.s- - 11- tor

may be turned XPto &%vglaésacﬁﬁfh Fb?-t"llﬁré'e@&r -avraé’friilﬁ%lsﬁ £t hﬁ'%éc%ég?u? he
current avail ajg etiné fheeptieputisoinatheas ngreatr ass when dthertransgstbes t he

transistors Q?angnéxgggrgrgt I“Uﬁgqﬁﬁ gaq?myehq:hté’ AW Y edLP 9 ShudeMmar-

di e not only the 1ndu ~current SO any regenera- tive currents. .

Furthermobe, tdike metcomly nthet ipdupipracasredtydit R15P 30y ES8RR.E2DC

power sources,tjigke WWirstes@se the transistors Q7 and B woul d be repl aced by

a single 10 transi stor connected beifween the .rails qf. the inve%%éPar?e_Thi S
o)

transi stor. i s controllefUrtReRrf e HBEBTEFFNE IMYSF ISR Y ¢
circuit anal ogpsesd t wiene silndliee endedi DE Fower nsdurees, cinr efftidh ocase

15 “henrs, | A, crpakiptPsPolay pol P EEEE GY, KepTahed thy s LRGME®
transi stb?, Litzansistoy gophegtedi hetdesn bheFaidfsOf the ARVEEROThy ol
single transi sfpfs tifansistor is controlled, as before noted, by a
o singie switch control circuit _ana-log’ous to one of the
circuits 32 to maintain current flow through both induc-
_ tors L4 and L5 when necessary to satis_fy'_ load require-
15 ments. Also, 'trgnsistors Q11 and Q12 would be replaced
by a single transistor, L4 and L5 by a single inductor
and frans_istors Q9 and Q10 by a s_ingle' transistor. In
other words, one-half the parts are required as compared -
with the previously described embodiments.

~



ot her words, one-half the parts are requf*emLiﬁgggggﬁgfftjish t he
previ ously described enbodi nents. CLAI V5. n n-phase
current source inverter for devel oping ﬁy froma DC source

having two termnals each coupled to the W a bus line_and a
5 .rail associated therewith, a choke coil belng"co ed betwe e of
t hexpus |lines and the aSSOCIated rail, the inverter being swtgc )
between an on state . in which current flomg fromthe DC source t
inverter and a | oad connected thereto, and % of f state; which 10 inverter
conpri ses: a sw E€bAIMSepl ed between the rail associated with the one bus

line and the othgr busapl %ephkgestcmmf@éuﬁeélsuagemsrcwxerue&@y ing
through t he choke COI| when the inyerter is_ on; second neans {s

sensing the currBnPPRESeAG AIRFh Frem| gadC aﬁﬂuﬁ%%ng‘agbﬂﬂe&wé’d teFRina
first and secondeaehs|dmglprmahst@ndhehexmﬁtdr f ehrolughi rag buee Zinéclandghea

he Tnvertersis oLl QoTCAA LAl 0% | BHaNEN 413 13k collna0e &P

t*hat suff|C|ent cuarrent 1S avai e 'to su Ioa
inverter is subskgt¥eenyonei ofhhthie obus2lines amd thﬁeﬂ%CPCl%thﬂ)rlcﬂhlg: the

claim 1, whereifyelberCliSiny #RaAReheAC! bEETedRaAN:, fBh QR | 34 tmch
$w tch 25 based on the Igad current and the choke coil curreng

inverter accordfhfrerb tipysnfrom the P souree EEER%H@rﬁf?m%ﬂﬁﬁr?%klﬁﬁﬁ$
means for corrpaalngoaahecbﬁadcaeldreahemtds thenaho&e coff csitawan; twhich

derive a 30 ¢gnpgrl 399e§ g ﬁgrlses-

\” a switch coupled between the rail assoclated w1th the

one bus line -and the other bus line;
first means for sensing the current level through the
choke coil when the inverter is on;
15 second means for sensing the current level through
the load; and
means connected to the first and second sensing means
and the switch for closing the switch when the inverter
is off to maintain current flow through the choke coil so
20 that sufficient load current is available to supply the
load when the inverter is subsequently switched on.

2. An inverter according to claim 1, wherein the
closing means . includes means for operating the switch
25 based on the load current and the choke coil current.

3. An invefter. according to claim 2, ‘wherein the
N ' operating means includes means for comparing . the load
current with the choke coil current to derive a

30 comparison signal.

-4, An inverter according to claim 3, wherein the
operating means further includes means coupled to the
comparing means and. the PWM wave for combining the

35 comparison signal with the PWM wave to derive a control
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verter acéording to claim 3, mhénein "the operating neans
des means  coupled to the conmpari A ns and. the PWM wave for
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ch. S~ An inverter accordin E’ﬂ” mrel n the
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accor di ng-_;
aims 3 to 5. wherein the conpgélng nmeans |ncludes means ‘f or
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an error signal and a comparator connected to the summing

. means for- comparing the error signal with the referencé

15

20

25

30

35

signal.

7. An inverter according to any of claims 1 to 6,
wherein the sensing means comprise non-contacting
current sensors.

8.  An inverter according to any of claims 1 to 6,
wherein the sensing means comprise Hall effect
transducers. - ' ’ '

9. An inverter according to any of claims 1 to 8,
wherein the detecting means comprises n current
transformers, one for each phase, which develop 1load
current. signals representing the current in each phase
and means coupled to the current transformers for
averaging the current signals to derive a signal
representing the load current.

10. A three-phase current source inverter according to
any preceding ciaim further comprising:

means for disconnecting the choke coil from the DC
rail so that the DC source is -disconnected from the
inverter while the inverter is off and during a
regenerative condition during which regenerative current

)
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rail so that the DC source is disconnected fromthe inverter while the
inverter is off and during a 35° .regg%EFE?TVE‘CeﬂdLLLQﬂ~during whi ch
regenerative current -14 - is develoﬂw oad connected to outputs .
of the inverter, and neans for coupling mgﬂmdumﬂ”o t he secoad, DC bus
line, during the regenerative conditibn¢ I current é%ggx
through the choke coil while the inverter is off so that a source

current is available for the inverter when it is subsequently turned on and
the first DC bus line is reconnected to th&#DC rail. 10 . 11. An inverter

according to cl ggmddye &1 by ha CogRli NdonBéfted NHa!dRutputd t 6f the
connect ed betmeer t he cho e coi'l and the second DC bus |ine, neans for

sensing the cur *BYeLEBF oL@t he I'0ad and neans coupl ed between the sensing
means and the switchedns dper aidupd inyg shet chok® coiln twcdhedarsmecond hbChe

sensed | oad curyg verter C t he
couplting nmeans ?'Egt h%%l ncpﬁgeégneé:trl]% fgr(r:e é%’lsfk%l tene J(::ﬁérqé%%&? h\r,\@ﬁégégﬁ
g¢hoke coi B. andcwheert nfilpwsofpdhratighy te Ch%b&n§°1ﬂumh¥&e ﬂh%l&ﬂ%%rtﬁéans

for conparing j Ethf|%%1§¥H€1%“soﬂ%é§ oENBurtRake isCQivaiXdfI&Nor t €he
derive a conpafison si

fverter, accor to C
wherein the 25 1nﬁ?§Eﬁﬁn¥BFPndt dafubseguentdy 9ﬂ£ﬂﬁéthwan%e§£%o§Fﬁ§t

di sconnect signp{ MhichineésiseseConretbeéd 66 atkhe Denrab®.choke coil is
di sconnected fromthe DC rail and wherein the operating nmeans further
.includes an AND gate having a first inverting input connected to the
conpar i son05| gndl, 30An. inverbed iaguardingl &0 tolage diGcowherein ghbe

and’ an ‘coupling means includes a switch connected between the
choke coil and the second DC bus llne. means for sensing
the current through the load and means coupled between
the sensing means and the switch for operating the switch
15 in accordance with the sensed load current. |

'~ 12. An inverter according to claim 11, wherein the-
coupling means further inéludes means for sensing the
current through the choke coil, and wherein the operating

20 means further includes means for compar1ng the load
current with the choke coil current to derive a
' comparison signal.

13. An inverter according to claim 12, wherein the
25 disconnecting means includes means for. developing a
disconnect signal which assumes & certain state when the
choke coil is disconnected from the DC rail and wherein
the operating means further includes an AND géte having a
first inverting input connected to the comparison signal,

[&¥]

o 30 a second input coupled to the disconnect signal and an
output which generates a control signal for operating the

switch.

14. An inverter according to claim 12 or claim 13,
35 wherein the comparison means includes a summing junction



- output which generates a control signal for operating the switch. 14. An
inverter according to claim 12 or—ctarm13, 35 mnerein t he conparison

means i ncludes a summ ng junctio output whi ch
generates a rol signal for oEI“lE”"“EI“MllI;W“ An :
according t ii’ m 12 or claiml e conparlson means e
I ncl udes junction for subtracting.the load current fromthe .

sensed choke Toil current and a conparatorisonnected to the sunming

junction for conparing.the outn of, the sumy.ng junction. wih ef erence
to derive the cohpartson sighal. 10 15. — AR 1 NVerter acca '*”1’ 0 any of
‘clains 11 to 14wittglrei n the choke coil current serstrTg neans conprises

Hal | effect transducers. 15 16.  An inue+t®r according to any of clains
11 to 15 wherein the switch conpri-ses a tranS|stor hase
nverter for goberat i N ASRNISE {P6RPRIBS stmre&amsub%taﬁ.gmm KLY
described Her ailieserid PHES; : destz Fve- S

18. An n-phase, | nverég%aggbng rat gdAguggl‘ffégq égisggg oke

substantial ly _%F ge S erence ures I, and 4
of the dr awi ngseoil current and a comparator connected to the summing

junction for comparlng the output of the summlng junction
with a reference to derive the comparison 51gnal.
10 :

15. An inverter accofding to any of claims 11 td 14, o/

wherein the choke coil current sen51ng means comprises
Hall effect transducers._

15 16. An inverter according to any of claims 11 to 15
wherein the switch comprises a transistor. '

17. An h-phese.inVerter'fo:'genefating“AC power from a
DC source, substantially as described hereln with
20 reference to Figures 1 and 2 of the draw1ngs. '

18; An'ﬁ-phase inverter for generating AC poﬁer from a
DC source, substantially as described herein with
reference to Figures_l. 3 and 4 of the drawings.




