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2123622 I nverter Power Transistor Protection Technical Field This invention
p%ftains to the protection of power transistors that are found in the.
output portion of. an 5 inverter. It is particularly applicable to -~
inverters that are used in high powered applications, such as for powering
an AC notor in an elevator system Background Art Inverters, which afe:well
known, can be used to 10 generate alternating power from aZDj_: ] Lﬁﬂ@
such as a battery, to power an alternating current notor.. But, berng &
sem conductor device, an inverter has .an obvious limtation: thegucreft
handl i ng capability.of its output circuit. For ‘that reason, whi N\overters
. have 15 been used extensively for providing power to alter- n&td
current notors, .they haye not been used in .high eed el.evator systens -
because in that applicat+¥or i Heter—cth ASS s#8Py hi gh” (for
exanpl e, duringTetbnical BRirldt oppi ng conditions), but power 20
transi stors that havg, peei,ay 'idqpl);eﬁaa SN tih@:C%E%QESt bnhapdhiigrt hese
r a ti

current requirenments for an el evat pé]hca i on, ere the cu rents can be
extrenely hi gh BFapei$hers tthak ang foundl dic dde RutPRtsPSFSioRre@findlogy now
makehZSOII i 5hp0§ﬁirbi-eefp consig Lp‘dfrtﬁra:dlﬁmt %lbpﬂ.gl@hlbh.ésteuiﬁvérﬁéﬁ@e'sdwhih(?h
can handl e the currents reguired fqr a hi speed el evator system -and that
makes the use ofiah TFe el 1 hid svlisdd SBPITsRsTo0he . aiFh £Fatotve.
and, especi al | ypbooeriome amrAC oudtzor dipplarc atlievatoro systeB the inverter -
for a variable frequency AC drive. 2 In sinple terns, a variable

frequency driveBackgrdesdshghal s that control the operation of the inverter
" SO0 _

Inverters, which are well known, can be used to

10 generate alternating power from a DC source, such as
a battery, to power an élternating current motor. But,
‘being a semiconductor device, an inverter has an obvious
1imitati¢h: the current handling capability of its
output circuit. For that reason, while inverters have

15 been used extensively for providing power to alter-
nating current motors,;they have not been used in high
speed elevator systems -~ because in that application
the motor currents are extremely high (for example,
during starting and stopping conditions), but power

20 transistors that have been available have been
incapable of handling these current requirements for i
an elevator application, where the cu-rents can be
extremely high_aﬁ certain times. _

But, advances in transistor technology now make

25 it possible to construct an inverter that has output
stéges.which can handle the currents required for a
high speed elevator system, and that makes the use of
an inverter in a high speed elevator system attractive,
and, especially for one particular application: to use

30 the inverter for a variable frequency AC drive.



L

that it produces an output whose frequency and nmagnitude are varied to . v
control the notor operation to nmaintain 5 a particular speed, torque and

slip felationship. This type of nDtor control can be used w’th single phase #
and h phase el ectric notors. is by no neans easy to construct, but

one deWde of that type is the subjee% of conpani on co-owned patent- _
appli a1 on 10 No. 8311555. But ne m ght expect, the power o/
transi stors that are now avail able t.o0 ke |t‘Poss i bl e to use. |nverter

in a high speeth F¥RADEET R erft HAF V& R ass '

unattractgignaDs CENSE dson el aﬂ'ia’lg:giﬁi:atztd‘temf nihet hiawdmtidr duer i ng

operation, for.one r ason or er r nce, shoul d
not be sug]‘%%tlefd RY° "‘Hb op‘{)lﬁ/%um %osﬁep(;ftlf)eo nct}éﬂ%zds%%ra%n when t he
col | ect oramlvag:eed stcatﬂ:me:ndie e qummamgm 9w awigdiaimng factor is

that 20 alcfnki&kfesgcéea UsloRfife ta{rﬁi‘%ﬁté)rrélrhéf&xélﬁ‘iﬁrter out put . can

cascade |nto ure_of many to produce, short, an expensive repair.

Di scl osurBhdf YRR ME JIPRT SMHHPL &%m@%%m%am% there is
provi ded pase ﬁ@yﬁimm@@mcmd: yotors Ot At i By ter, for

operating the nptor, having 'or re ouj put po sistors, an
i nverter TOMS T2t HrRA r%"re eg'ﬂtﬁé) '%fcﬁ't} r{_[ VP& or each
transi st ois Ehdisubje@memﬁbmcn@anlbecbpepwnedcpatenhaapplbaadésnpower to a

porti8n¢¥btf§§f{§5§x) verter control ‘and that renoves said power to turn
of f said transistor in response to particular transistor operating

condi tions thah Cﬁgg %ﬁélﬁ tggté stgﬁe abégpeiggnQEEXS 5 In the

preferred enbo pomere a purse width
nndulatorthhmchraecewveyaslgh&estghaakeoht possibie sgtpae 8B produce

pul ses thahodeey® Heal HIGh! Bpeed elevator system are expensive,

so much so that it is unattractive to consider replacing

15 them, if they fail during operation, for one reason or
another. The power traneiStprs; hence, should not be
subjected to damaging power dissipation, such as
operation when the chlector voltage is above the
saturation voltage. A compelling factor is that

20 even failure of just one transistor in the inverter
output .can cascade into failure of many to produce,
in short, an expensive repair.

Disclosure of Invention
Aecording +o the present invention, there is provided

25 a system characterized by: a motor, an inverter, for

operating the motor, having one or more output power tran-

sistors, an inverter control fof providing'a'contrdl signal

to drive the or each transistdr, and an inverter pro-

tection circuit that provides power to a portion of the in-
30 . verter control and that removes said power to turn off said

transistor in response to ~particular transistor

operating conditions that occur while the transistor is

being driven.

 In the preferred embodiment, the inverter is powered

35 by a pulse width modulator which receives signals that con-

trol its output to produce pulses that drive the inverter



3 out put stages to produce a S|nu50|dal I nverter output sig- nal that

p rs an:AC notor. To do that, the inverter produces a base drive signal
which drives a correspondi ng power transistor in the inverter, and when

t hat base 5 drive signal is produced, the voltage across the col+g tor and .
emtter of the output transistor is independently sensed ove
dufation of tinme. If the voltage is not decreased to the tra
satUration voltage within that period of tife: that 10 condi¥
fault - a problemw th the output transistor. In response, a signal is

generated, which &g mﬁa@dast Qot b oaliewakos i kb 0fa L OTHivér téu coudputh sig- |
deactlvates t he pulse wi dt h | at or,, di scont t he_.gener ati.on of

the control signdtel ifidh qur‘?rfSaf‘uPﬁ mALEQr e i vt?egot A Ve VS s ul t
that no |onger prmthiigesan baseuirsivgnalighaltwikiobtdriveshe emtiesponding
controll er uses [ 0 | fe S [ e ces in
the el evator, &ngiadﬁyghéiéygy i th% b?g%gt?g b%ﬁd &Hﬁg ggﬁétggggsnn th
stop. 20 5\| Srivec gigingd s m@dpuceﬁer the e*@ﬂd;égﬁeﬁcrosﬂcbhehe

transistor is '”é%ﬁﬂ&&%dﬁ”&ndﬂgﬁﬂﬂﬁﬁﬁQ& Qﬁ@w%ﬁﬁphhetQQHEQEEBE agd emtter
Is continually sensed, and if that voltage fglns to rise above, that

transi st or saturéHQﬁqugﬁﬁtlﬁﬂﬁgnﬁﬁﬁlPV§TgﬁaI *edgenErELen. ofstime. A go
according to the m%r@t&@eowsnm dskee akka msat ehel 8rahsppedr no power -

s being suppli ed, 1 Ite; B¢, bk aols0n contel Jegll grathgp of the

motor, a test sequence is Init cSngFo S-for
not or oper at i bh, adndihilore reipdelsempgulfandt 30a PSObﬁa@pwnﬂbnth9 acti vat ed

for a short interysl p&f trigiR SR, Ifxnf lspWnae, taaglghait ikNheh¥ahtef, tinme
a fault is detected, ,the fault signal is a provid - deactlvatlng t he

pul se width noduldiish 3fhSuPRideleto ééeaeaeyaﬁpr WgtﬁSP FERFFHLt 8RAed on.
In other words, 3fiich jdesictivatest thempailse whdght hedobhesropaiatontins

called for - EiféﬂﬂﬂéiE%eQ%%E%&%@iokhgfiQKSrESBtkgl signal, which, in.

15 turn, deactivates the inverter, a result that no longer.

produces an output signal to the motor. The motion
controller uses that fault signal to initiate safety

stopping sequences in the elevator, for example, to

apply the brake to bring the car to a smooth stop.

20 Also according to the pfeferred embodiment, once the
transistor is in saturation, the voltage between the
collector and emitter is continually sensed, and if
that voltage begins to rise above that transistor -
saturation level, the fault signal is generated. -

25 - .Also according to the preferred embodiment, when the
motor is stopped, no power: is being supplied to it, and the

" motion control calls for operation of the motor, a
test sequence is initiated. When the motion control

_ calls for motor operation, the pulse width modulator

30 is independently activated for a short interval of time. -
But, if following that short intexval of time a fault
is detected, the fault signal is again provided -
deactivating the pulse width modulator. The inverter,
‘as a result, is not really turned on. In other words,

35 1if just at that moment - when the motor operation is

.~ called for ~ a fault is detected, the inverter is
shut down. This_sequence prevents any damage to the



shut down. This sequence prevents any‘danaﬁe to the -4- inverter that ;)
m ght occur during notor startup, due to the very short operation tine

while attgnpting a start. Mreover, it prevents the car fromleaving the
floor if IRr e is a problem 5 An enbodi ment of the invention wll
now be ¢ l i bed by way of exanple and wth reference to the acconpanying
dr awi ng which: Fig. 1 is a block diagramof an elevator notion systeny,

in which a notor is powered by an inverter which 10 receives power from &
battery, and the operation of tR€ inverter is controlled by a pulse width
nodul at or whose operation is controlled according to the present invention;

Fig. 2 is,a block.diagra f [ Ler. Lg. IS, a bl ock
di agr am ofEHS iéh? oplgﬁg 8%??5 aﬁg?hsngaéﬁgt%F?r?gégé%%%r%ﬁling i nverter
drive fortlmmeremyt shoxitndipegatiiog. tampswhibpoakteppgiagn dfseet base drive

and its GIESRONAiNG NN tSURRLY cBBd kol LedolRgl ohe Fhb6H BEE 20
| ocated in the Invertéer;. Fig. 5 is a block diagramof a protection |logic

“circuit t¥hAre duSedHAPLSe systemin Fig. 1.for sensing a fault in any one
of the base drawesmsbcilithenitpplfyithg iakeagéohowihd powske wilesdrostil at or,

t hat powers the l.se w.d n L ch, ] | < Lnued if a
fault is "6t eoczf“.l5 %9133“%’]% #gmmggﬁog#!g\%ggéﬁésggr‘g% %Jr:]émg%%ﬁ% ion for the
present idmesritrigs,. im whiich:system an el evator car 10, to which a

count o et ot 42 13 SETA LSSk TaBhERTb S arlof AR 1) Aray 1
signal, whyshemndn-whathsathetopets poweredcisy i an idvéiernoiioich

10 receives power from a battery, and the'operation of
the inverter is controlled by a pulse width modulator
whose operation is controlled according to the present
invention; o ' |

Fig. 2 is a block diagram of the inverter;

15 Fig. 3 is a block diagram of a portion of the pulse
width modulator, for controlling inverter drive for one
motor winding; _ | ' _

Fig. 4 is a block diagram of one base drive and its
corresponding power supply and fault detector, which are

20 located in the inverter; ' '

Fig. 5 is a block diagram of a profection*logic
circuit that is used in the system in Fig. 1 for sensingf
a fault in any one of the base drives, and supplying
voltage to the pulse width modulator, that powers the

25 pulse width modulator and which is discontinued if a
fault is detected.

Fig. 1 shows an elevator system, one application for
the present invention. In this system'an elevator car 10,
to which a counterweight 12 is connécted, is propelled
30 by a motor 1l4. A tachometer 17 senses the motor opera-
tion and provides a signal, TACH 1 signal, which indi-
cates the speed and direction of the motor.

<



-9-, The notor *14 is powered by an inverter 16 which.receives its power, +V,
;§“fron1a;battery 15, actually a collection of batteries that produce a
high voltage, typically about 200 volts, the voltage needed to provide 5
-sufficient power to the notor. The notor 14 here is of - the 3-phase itype

i nduction notor, receiving that 3-phase voltage fromthe invertep] ‘g8

cqurse, single phase can be used.) The inverter is controlled t" r ol
the frequency and magni tude:of that voltage, and our above- 10 nenti oned
patent application discloses one type f-variable frequency drive for that

purpose. The inverter 16 receives output signals froma pulse width
nodul. ator (PWW 18. Those out put signals control the output fromthe

i nverter to the motorpng. fords 14 tfs A Wintany anvabkarf REAURREN OUt put .

The output fromthe Eulse,mndth nodul at or actual ly conprises three_phase
signal pairs. PHESESRUSS| BES FRANGF pat Vo Y FHEA: B PMECTTAdR paPEIRMY| Ag
the inverter to podiedeidheof dbadtigeries that erogduce pohdght kelekaye;, 14.

e 20 O LnOS6pRaLI Py AGRURL | Yo S ATOL S IO UMY L AL A" £bE B3

drive in a push/p ransiStor conflguration to pr vol and
current to aSnotsnffiateny pewexto Whe Jtax.g. The mpgerplidsbenpdis of

nmodul ator 18 iS,Eﬂétﬁ ﬁ&gebﬁyfbfﬁﬁéucéﬁﬁﬂ'ﬂth?} releG R iAGOEHEES 32pRase
not or control si ngl, signal, for controlé*ggieach of .th phgse si gnal
pairs. This notofolEATEOFT tY e iSe op o8 S6e Fﬁ@ggﬁ|e a@Fat A"

. nmodul ator so as be psedure The desrites: Speebrndliledqde cbat&ol theistics

for the notor to es] f el r ' fQr.manc h c | SLics.
The notor cont rolfggé?lé sc)goné(? %%dle%@%oﬁeég:u ""Fﬁ?%%&‘%’, QBBO@[‘?, Eﬁ{r:g% a
profile gendPat omentionedcmaent mrplicatdan osgst RBcet¥PEt 6F art for
control l'ing the pgrighl@ncreghAe!i®Fivd ifor @hat purpose. '

The inverter 16 receives output signals from a
pulée width modulator (PWM) 18. Those output signals
control the output from_the inverter to the motor, e.q.

15  to produce that variable frequency output. The output -
from the pulse width modulator actually comprises
three phdse signal pairs, Phase la, lb, Phase 2a, 2b,
Phase 3a,3b, each pair driving the inverter to provide
the voltage (or current) to power the motor 14. Each

20 of those pairs actually controls two transistorsin the
base drive in a push/pull transistor configuration to .
provide the voltage and current to a motor winding
Wl, W2, W3 (See Fig. 2). The pulse width modulator 18
is controlled by a motor control 20, which produces a

25 motor control signal, MS signal, for controlling each
of the phase signal pairs. This motor control 20
controls the operation of the pulse width modulator
so as to produce'the desired speed and torgque charac-
teristics for the motor to obtain desired elevator

30 performance characteristics. The motor control 20 is
controlled by the output signal, PROF 1, from a profile
generator 21, a device that is well known in the elevator

art for controlling the performance characteristics of



i t
-6- the notor in order to achieve desired accel eration and deceleration ;J
characteristics. The profile generator 21, in turn, receives a plurality of |
signals f4oma notion control unit 22, also well known in the art, 5 for
control J3lng the operation of the nbtor in response to systemrequirenents
that a I fested to the notion controller 22 fromthe overall system _
control 4, which also is well known in the art. The system controller
24 receiVves those requirenents, car calls 10 and hall calls (e.g. from.
buttons), and generates control sigﬁﬁ1s that are sent to the notion
controller to operate the profile generator to achi eve desired car
performance to neet those requirenents. The TACH 1 signal fromthe
tachonmeter 16 is 15 supplied to the notion controller profile generator
and not or twenimation dmproxndede tootagh ifegred idesi redn eicole leapaiohi apd- ¢l osed

| oop not org Lt s AC ' : re (g i eration of

t he inverf%r |éﬁgﬁﬁéghqﬁ§ﬂﬁﬁgf%?€%¥$ﬁﬁ L?g?bpkgfﬁa%o%g?g%ggﬁg? 30. The

prot ect i o2l odifc tinrouineqed viegn fe Plaw ald thhefi sdonads £6omnaa special way:
Pover fl oWptfildiNddit ¥y 10taGid @2, adise ¥@1QVRhom! iiRe tB@AakRt, 0 the inverter,
and there jt passes jin._series through the fault detegtors (FD), and then
back (ot HOT RS 5 the GRAZARIGR [HEndH80BOTOR LanFSGRENBE |« he faul

det ect or s H{ol lsyrstens regmifremendsh thaan aret manifesited ¢cat ehet hatianfault -i s

inits tr ' o i €% C! t.in 0N i S 0r iS,nesults in
renoval o?@tpgro -leecr{ ir?c?tn ﬁ%gﬁr-{ g:%s?"l g%q“,% L%Ylssi%gnaf%!é%l' P&égl&s zgdppl led to the
pul se wi diwhizgth ala@idisavi@ll &a@wmhiish thewars.t h&hgusystamdt h nodul ator. So,
when it | SdiEpaér RPAWeded Vit thidsee relgiliitefeftsa- che’ chilkurned of f,

and, so, drive fromthe pulse w dth nodulator -is turned off and the drive
f r omiOhe Fﬁﬂ%éxall calls (e.g. from buttons), and generates _

control signals that are sent to the motion controller

r ol

to operate'the'profile'geherator to_achieve desired
car performance to meet those requirements.

_ The TACH 1 signal from the tachometer 16 is

15 supplied to the motion controller profile generator
and motor control to provide motor feedback control
capability - closed loop-motor control. |

According to the present inveﬁtion, the operation

of the inverter is senéed by a protection logic (PL)

20 circuit 30. The profection logic circuit is connected
to the inverter 16 in a special way: Péwer flows from -
the protection logic 30 over a line 30A into the
inverter, and there it passes in series through the
fault detectors (FD), and then back to the protection

25 logic over line 30B. If any onc of the fault detectors
(There is one for each transistor T.) indicates that a
fault is in its transistor, that series connection is
broken. This results in removal of a protection logic
signal, PLS signal, which is supplied to the pulse width

30 modulator, and which powers the pulse width modulator.
So, when it is removed, power to the pulse width modula-
tor is turned off,_and, so, drive from the pulse width '
modulator is turned'off'and the drive from the pulse
width modulator to the inverter is removed. This



width nodul ator to the inverter is renoved. This -7- obviously turns off
! drive to the invéerter, preventi ng further operation (in npst cases,
clearing the fault). The PLS signal is also provided to the. notion troI'
circuit, but this is done to enable the notion control 5 tao corfi
operatlon accordingly. For exanple, if a fault occurs just at t T
that- the car is about to nove, the doors will be allowed to open ' :
pa?’sengers to | eave the disabled car - and,_of course, the car will not be
noved. O, if the fault occurs 10 while the car is ascending or

descendi ng, an erwgﬂdsms/lﬁtmnsbrc&ﬂd theophriatd aro ahe dinvender,, \plztelvelne:lng

initiated. The v e er s Cr, he
junction) are hi g#t&'?% om l?1'=""'aoa3tct eril:')r111 n{& scté‘egeaa %[)j'ase 81 |\Fe%mf(r&213'|t§
16B) and FD circufhe BLS signaghdsatadise m@d oo e metiion &P@Grpdwer '
supply conpri si ng-{fapnsé Ordi R and idhoed %G’Ia'ﬂl'eeﬁ:h@mﬁﬁh%n“hon{'%bi

power supply Jncludes an oscillator 4Q power e atter
provides a carri ef® YA BRT |‘§’e@.ﬂa§}°§hﬁccﬁ’ﬁ'£ﬂ'9ﬁ(¥°a %ﬂlﬁgﬁy A5
whi ch consi sts ofa afdubthdavues Rt andhey itdge that fther cathésoabput from

this power supply ;H_ppl ntyol_.Gi
20, 21, 22, 30, whi | e ﬁ‘é |n’veérrfegrdtooqrts%$’fﬁq' Heofé’ﬁ'eé'%ﬁrom tokgnbat tfery 18. (The
battery is al so @rRESRAUETDRAR lﬁﬂaﬁgé:hel@lsathiedasatraughmdlrnO@upourse.

above-mentioned agpl Gt WAL R WY Sidvla.Pr O4,99% 2he FRREENOERLIEGN Of
power back into the batter under certain car rotion conditions. Use of the

oscillator kbl at"8 %et}tﬂ/\MaIPI_lsaﬁcheﬁ\ﬁérntgePrf ﬁ&ﬁcﬁﬁélé‘ﬂheﬁns?g‘ﬁé'ﬁtency
conpogent sd gog swpd); medim oférathivn raﬂdsel\tivmbbmrmebullat b, mli(twatteﬂ
Fig an in

I actu ncI hr, nnel s"
each actually a separate pu“*%a‘ﬁ%dt(%vﬁnml ator fhe f‘ﬁ‘e E%tetﬁuttrglpcs)ig’% %
channel includes tamradgridies CRdsincdfion) are high (from the battery),

and so each base drive circuit (e.g. 16B) and FD circuit

15 is separately powered through an isolated power supply
comprising transformer 43 and bridge rectifier 45 (Fig.4),
This power supply includes an oscillator 40 powered by the
battery, which provides a carrier signal that is also sup-
plied to a power supply 42, which consists_of a transformer

20 and bridge rectifier. The output from this power supply is
supplied to the control circuitry 18, 20, 21, 22, 30, while the
inverter itself is powered from the battery 18. (The
battery is also charged from a charger 19, and, as taught
in our above-mentioned application, the.inVerter provides

25 regeneration of power back into the battery under certain
car motion conditions. Use of the oscillator -isolates
the PWM, PL and inverter from the other system components,
e.g. motor control 240.)

_ The pulse width modulator, shown in Fig. 2, and
30 in detail in Fig. 3, actually includes three "channels",
each actually a separate pulse width modulator. The
output from each channél includes two signais, each of
which goes to the base of a separate transistor (T)
drive in the inverter. Associated with that separate
35 drive is the companion fault detection (FD) unit



whi ch goes to the base of a separate t'r ansi'st or (T) dri ve in the inverter.
ASSOCIated‘MAth t hat separate 35 drive is the.conpanion fault detection

(FD) u 3 -8- (i.e.6units), whose isolated output (opto-isolator)
recelv‘ yrrent fromthe PL circuit over the line 30A. Thus, current flows
throug ADe 1ine30A to the FD unit A and FD units B, C D, E and F,

finally eX|t|ng from5 FD unit F to return over I|ne 30B to the PL circuit.
The FD unit functions to interrupt that current flowif there is a fault

detected with its conpanion transi-8-or T. Each transistor T is driven by a
correspondi ng drive (shown in - Fig. 4 in detail). Thus, each section 10 of
the pul se width nodulator 18, that is, each one of the individual PWM units
18A, produces a pair of signals (e.g. PWA, PWB), each going to one drive

(e.9. 1681 16QuniHuY, S {sor ol SRedRSq s sbhdiory Pr opor tional to

the val ue of the sinusoidal 15 I nput signal (duration = SS|ne wt)), to
switch t rkgfgives Gurreit frPrbitthesFk i‘n"&trclutlé‘ QyeragBeodipeat 398¢i es sinu-

soi dal | y.Thidss, r&ii:rﬁfenlﬁ ftiovgs twrou% ahé WA nar sopeaeh theppeduafit bet ween the

collector an &y of tran taor e dri; e frqm each PWM
produces ‘& it %?B 81 S c'a 1’0 'b@f\ﬁe«?ﬂ £ Y. 9"% BB &5°™and t he
r esul® antFx mnyigntF ite tﬁes:lmram:sn%:t drinies 39Bn o itde) PLRefEmcumtg to Fig. 3, it

shows on h .20 (o] ng ¢t he PWA. and
PWLB si gﬁralﬂgs ﬁd]rﬁxfwmgéamfss%g)&%%{oQg‘ﬁg |cfrllﬁt%tea% (Hagf g'a conpar at or

42. The W&k& i idptect 1i&s W&PlOBT@PQE&IStOFrom a
function 'Jgeneraaﬂort;(aﬁﬁ):,st’ate'zr G.%U|dr&%n0lb§rp'at co&&elspaﬁdﬁ fromthe

b opor t1 Qe (FERLAT Gdg-0f o os5ai s oy, ea%h %Ec'méai S ne
w( t )10, nfogémeowlﬂe width modulator 18, that is, each one of
the individual PWM units 183, produces a pair of
signals (e.g. PWlA, PW1B), each going to one drive
(e.g. 16B, 16C). That signal is a pulse whose dura-
tion is proportional to the value of the sinusocidal
15 input signal (duration = F(Sine w(t)), to switch transis-
tor T on and off so that its average dutput'varies sinu-
soidally. The motor windings*W1, W2 and W3 are each
tapped off between the collector and emitter of trans-
istor pair P. The drive from each PWM pioduces a push/
20 pull action between +V and -V supplies, and the resultant
current in the transistor is sinusoidal.’ -

Referring to Fig. 3, it shows one of the PWM

units, the one shown being for producing the PW1A and
PW1B signals. The MS signal is supplied to one input

25 of a comparator'42. The other input receives a
triangular signal, ST signal, from a function generator
(FG). The resultant output, on line 42a, from the
comparator 42 is a train of pulses, the duration of
which is varied in proportion to the anplitude of the

30 MS signal, a sine wave (at Sine w(t)). Those ocutput
pulses from the comparator 42 are supplied via the dead
time (DT) circuit 44 to an amplificr 46 to produce one PW1A
signal, which is a train of pulses. ‘The oﬁtput from
comparator 42 is also supplied to an inverter circuit 48,



'épulses'fron1the conmparator 42 are ‘suppli-ed via the dead tine (DT) &Tuyi
4 t'0 an anplifier 46 to produce one PWA signal, which is a traiﬂ'ﬂﬂﬁ'

3pulses The output from conparator 42 is al so supplied to an invé :
circuit- 48, ~-9- to another DT circuit 50, which provides its output;
al so pul ses whose magni tude vary in tinme_gs a func- tion of the M signal
thanother anplifier. 52. The output of the anplifier 52, basically-the
i nverse of 5 the output fromthe anplifier 46, is the PWB signal. The
purpose of the dead tie circuits is to avoid coincident conduction of the
two transistors in pair P. This basical]y describes a well known pulse.
wi dt h nodul at or %9 peetheri@eigcydtcrig HhéﬁprPBPVFﬁﬁérEESpﬁFEE“ﬁ!dth 10
gndulated Zlgﬂabaso E?ahe@n&haéethagﬁlﬁugaabarys1ﬁUﬁpheedsLa gﬁﬁcef t he
rives, and the_tw q e e.qg. PWA_or P cQ L t ri pair
Chat Cari ves the CEINSESEOE M8 EanAkr k8 BOSKRBE PRLIRSTE T2 | sthEnort ant
to observe, in DM&PMKIoitmaeiempl5fiern5ﬁbgbasigalihethelSEVﬂrdehof '
modul at or, ighat (panefelae! BeohORRR! 2h §%1é9d48h915”£ﬁérﬁWiﬁssfén?ﬂd 50 and

the inverter 48 ar ived froma ower. su z ower su

(e.g. a DC supp/The. PHGR@?@ﬂ“’ﬁ@%é?a§5mph€16ﬁpbﬁﬁ bﬁf @raﬁﬁﬁﬂl??b¥§1QG“5nd

52 is the PLS 2Q@onducgidh, ofhichb tsosuaahsedtbfgnlhhpaﬂfopectmﬂsI ogi ¢
circuit 30. As tatedlgre% ouslx i'n thg e%ent the e |slgﬁé % @at PLS

signal is terni RACAG2LANGACRETACEEnE YT RC n°¥ﬂepﬁ a3\ |'FPERIR9E and

52 are turned otnrcmadefpmopgpéubéngly pahirchfdigvensenpedse reidthput 25

signals thaly dringaulleel’ a38hah8l PRAEA oheuaftEﬁagagsigﬁaﬂglys of f. This

is one formof protection I §s em accord resent enbod ient.
The next porti ofU@PddechE® gBRePA: FBR éFlYﬁérF¢£ETt§?gﬁﬁP ofhtBemcauses the

PLS signal to bgeSigQPPRIA or PW1B) comprise the driving pair that
drives the transistor pair P in the push/pull manner.

It is important to observe, in the illustration

1s in Fig. 3 of the pulse width modulator, that power to
the comparator 42 and the DT circuits 44 and 50 and
the inverter 48 are derived from a fixed power supply,
power supply 42 (e.g. a DC supply). waever, power to
the output buffer amplifiersQ46 and 52 is the PLS

20 signal, which is supplied from the protection logic
circuit 30. As stated previously, in the event there
is a fault, that PLS signal is terminated, and, as a
-consequence, the buffer amplifiers 46 and 52 are turned
off (made inoperational), which discontinues the output

25 signals that drive the transistor pairs, thus turning
the drlve off. Thls 15 one form of protectlon in a

'system accordlng to the present embodiment. The next
portion describes generation of the FAULT signal, which
causes the PLS signal to be stopped.

30 Referring to Fig. 4, it shows one of the drives
for driving one of the transistors and its correspond-
ing fault detector. The drive signal, in this case PW1A,
is provided to an optical isolator 60, whose output

_ drives a:Schmitt trigger.62 vwhich shapes the waveform

35 oﬁtput from the isolator. The output from the Schmitt



30 . Referring to Fig. 4, it shows one of the drives for driving one ;;

of the istors and its correspond- ing fault detector. The drive
si.gnal , this case PWA, is provided to an optical isolator 60, whose
out put s a Schmitt trigger 62iyhi ch shapes the waveform 35 out put

ol ator. The out put frontthe Schmtt -10- trigger is provided
to one input of '‘a gate 64 and also to inverting anplifier 66. The FAULT -
signals, on lines 30A and 30B, pass through a circuit 68 that represents

the transistor of ;an isolatqr (well known hat is driven_to_ allow current

to flow t krdggR*t A8 Pravifetor BnﬁetﬁBEﬁ PENRsIZBRA &ha2BBE2 1R pendi ng on
the stat u&oottntrbetb.nguam@ltgﬁaéroastheThenEwﬁ'A signals ppor Sigesl on the

l'ine 68A conne dto th out t Pzqf s al so
connected 8 ?Hg gbﬁerpﬁﬁﬁu EB“SH A thcug# 6%4LQQ?h5e%€$det romgate 64
i s suppli sbet srandistpongodinphi fselator tnebh knownHethateimecessary base

drivesto BLegURCLBULTEBY Eh?%éﬁ@rQHgbléﬁetﬁféﬂéhsthéOirghsJQGoPUtpUt from
t hat 3npll fier depen oursg T,‘gn t he. ou ut rontt e ate 64, and that
S

15  out pBf P§t§eﬁﬂngtpﬁﬁ 6$Atﬂ% ﬁald?B%% ethe REFUES | the |ine
. 64A is hi gi, thbeiapghakifgnain thets8apene 688AS p'mssedmﬂsme@hgxt&te gate 64

o che Dyl Lhe BEhECRaRE Efheldchoedi HUE bifoLE 08 1By RS o L] o
64A is Ioﬁlophéogawbleh is alsnccontected ho thenathemstrput hr ough to turn

- the jpanspt he0gagBd6@! |, TREJouEHRECEHERT &Y e PONELs bbpsdgNding W is
not Tturni shed. leeMAse |f the signal .on Tine 64A 1s low, the optical

i sol ator £frasd BFVlFﬂeaQB i %?ﬁngist%?l?ha?r?glé%ﬁt%F%e%???ﬁ?#ﬁyC|rCU|t 68
and curr ebasél ariver eogbrddace i cesreA ﬁDdﬂ3ﬂErd>1$gﬁ ethe netessis-ndi cating

the Presepgg Qf aTﬂgu &tputh?rgﬁggﬁét éfl%ler depends, of '
course, on the output from the gate 64, and that

15 output is a function of the signal level on the line
64A. If the line 64A is high, the signal from the
shaper 62 is passed through the gate 64 and through the
buffer amplifier 71 to drive the transistor T as a
function of the PW1A signal._ On the other hahd, if the

20 signal level on the line 64A is low, the gate 64 is
turned off and no signal passes through to turn the
transistor on and off, and, consequently, power to the
winding W1 is not furnished. Likewise, if the signal .
on line 64A is low, the optical isolator turns off the

25 transistor that is contained in the circuit 68 and
current flow through the lines 30A and 30B is terminated,
indicating the presence of a fault. The signal on that
line 64A is a functlon of the operation of the flip-flop
70. Its reset 1nput is connected to a comparator 72,

30 and one input of this comparator 72 is connected to the
junction of a resistor 74 and a capacitor 76. The
other input is oonnected to a divider circuit, which is
connected to the positive voltage supply. A switch 80
is also lncluded in this fault detection c1rcu1t, and

35 it controls the voltage across the capac1tor 76.

S



‘line 64A is a function of the oper'étioﬁ of the flip-flop 70. Its reset
‘rrput I's connected to a corrparator 72, 30 and one i nput of t hi ¥

.\ capaci t or
76 - The ot her |nput is connected to a divi der circuit, whi pnieét ed
to the positive voltage supply. A switch Is also i ncI ud his-faul t
détection circuit, and 35 it controls the voltage across the capacitor
767 The state of that swi.tch 80 is a function of the output fromthe
‘gate 64: Wien the PWAsignal is first supplied to the isolator 60, the
resul tant output_on the gate 64 opens the sw tch._The outp t from the

shaper 62, 5 | Thevplate of fdate FYHSUAP tife & omaRHa™ i h&%"é’?
and is then appl fesh t €hd heatset6 4 enviarml timn Ptvhe.s‘:]gzmﬁ I:.@;p fjAs;ta stpplliled t he

flip-flop out put, s hi whi ch, al l,ows_si gnal frans f e PWA signal
through the gate %4“: %?1 ritfe. © ns tgler e":se?.ﬁ‘?ﬂ: P tag “%0& égcl:]ro & 6§
transistor T begepens oth:H opviechihe Thearmitpuy fneg rkhet shapedudi2, At t he

sane time, tdie cppagidd, 7 ey L AR & H I ArdeASIfSe¥s 6% and
Meanwhi | e, ?e vol t age at t he |unct|on pol nt bet ween tpﬁe I‘ESISS'[OI‘ agnd t he

capaci tor thus rf%esand i8¢ iaRPreq e e set hermringdsemnthe The
- vol tage across tfnalp-im.st ®&s artred Mt dries ﬁ‘]zﬁ;t-ﬂ]nip Iout'dpextt goesi stor is

fully ON The volt t he_.col l.ect

progressively de qh% Isflsgrf%l Ctoroqffs%r \qunl Se mlg)élgnla&v\er t han
the reference _votlmagegl( etlgﬁ eG4 )t@ontsigluehy tAse adineisadt , 7§ cdreagiee
conparat or yg. A?&tos@ttﬂ&ecméme ] fvégltr&e td WP Y the ttwaws&@t%

the capacitor 76 I's, tharg 170 as ,the capaci - tqr voltage
remai ns I'ower tHREER %I‘i%ftf%j)‘f"mm;’tbnézqﬁ \Aas t"\%'cﬁ}’r‘i’e%aﬂ*éprt he
transi stor behaves beginsSto dclettde dhyyugh esiisaior 0f4.t hatleaonbdlat,or 72

does not shift, gnd o ¢k Tdd Radfd O%u%%t%o%} SAES HEeBIP IR resistor

and the capacitor thus rises as a function of the RC

15 time constant. The voltage across the transistor
actually drops fast until the transistor is fully ON:
The voltage between'the'collector and emitter 'may
progressively_decreaée from 200 volts to about 2 vplts,
which is lower than the reference voltége (e.g. 5 volts)
20 set by the divider 78 on the comparator 72. But, at
| théfsame time that the transistor is turning on, the
capacitor 76 is charging up, and, as long as the capaci-
tor voltage remains lower than the voltage from the
divider, which means that the transistor behavés in a
25 desired way, the state of the comparator 72 does not
shift, and so the fllp-flop 70 state does not change.
The output s;gnal throughﬂthe gate 64 therefore continues
to be transmitted to the amplifier 71. But, on the
. other hand, if the capacitor_voltagé should exceed
30 the voltage from the divider, that would indicate
that the tfansistor.has hot turned on quickly enough
(in the requifed_amount of time as reflected by the
charging time of the capaéitor 76) and, hence, the
comparator would,changé state. The flip-flop is
35 then reset, and this changes the state on the line 64A,



. 1
put signal through the gate 64 therefore continues to be transmtted ;
lifier 71. But, on the other hand, if the capacitor voltage B ,
\eed 30 the voltage fromthe divider, that would i-ndicate that )
has not turned on g#Pckly enough (in the required anount of
, [ me of the capacitor 76) and, hence, the
conparat or woul d change state. The flip-flop is 35 then reset, and this
changes the state on the |ine 64A, 4 -12- turning the gate 64 off, and ~
~turning off the drive to the transistor T. The switch 80 is al so activated
at that péurpingi $hRaggtrgbédheffapantt suraengTahf thendeive toate on the

l'i ne64A r%ﬁée%9€h§1§tB§Ubt ThHe 5w2B8hS80°is éﬂéodb@tBGQté&eron in the
required pﬁrlo That ,condjtion is transnmtted back to the

prot ecti of P599815§ tﬂésﬂPgEﬁthnE%ﬁc%aBFCEEPFeﬁﬁ f | DRRF nCRARI® | nes 30A and
30B. The fauktadet enttha Linewdh péppesenpengsfaalthe iRe tpamstece of the

ampl i 31 or oB5 187R8Y. Btk B8 T)h End NIRRT o0Fu08, SR TG 70, 11 he

out put fr8hatheonditionaper teansmiittadecback tonthe oprabectisn ~ Anot her
test occuasgﬂerbggtﬁeraﬁgcsﬁtmuanéésafﬂ 8OrtbRt EP&wdih Véhés operating
pr oper | has . been detected during t turn-on sequence”

(whi | e thélﬁﬁﬁaépﬁoﬁnﬁs @Rar gi ng), the capacitor will charge up to the . .
col l ector vol t #ge ﬂadlﬁtagtébeien(éﬂﬁcufﬂ'a1§@|f@gpomdé|t@etﬁdpiCa'|y about

(i selbt hePFREEPEELoEnEAE KB TR p rReL: o e, pUERSE EERAERT he voy tage | from
di vi der 78ave sbapggeéaeus thensmitted via the ampllfler66 to

the comparator 67, whlch sets the flip-flop 70, if

the output from the wave shaper 62 1nd1cates an "on"

command. '

15 Another test occurs during normal drlve. Assuming
that the drive is operating properly and that no fault
has been detected during this "turn-on sequence”

(while the capacitor is charging), the capacitor wili
charge up to the coliector'vo}tage and stay there (that

20 voltage will be typically about 4 volts). If, while
the transistor is on, the collector voltage begins to
rise, the input on the comparator 72 will rise, and
when the voltage from divider 78 is exceeded, the -
comparator 72 will change state and reset the flip-flop

25 70, which will dlscontlnue the base drive, and discon~-
tinue the current flow through llnes 30A and 30B.

Fig. 5 shows the protection logic circuit. It has
a positive voltage source, which_supplies current through
a resistor 88 to the line 30A, and the line 30B, which

30 is returned to ground in the protectlon logic. The
voltage on that line 30A is supplled to a trlgger 90,
and the output of that trlgger is supplied to an
inverter 92. The output from’the inverter is supplied
to one input on gate 94, the other inputs are connected



cqmparator 72 will change state and resét the flip-flop 25 70, whi e
di Sconti nue the base drive, and discon- tinue the current flow thro
lsi nes 30A and 30B: Fig. 5 shows the protection logic circuit. It ha§
posi ti've vol tage source, which supplies current through a resistor 88~
the line 30A, and the Iine 30B, which 30.33Ls returned to ground jn t he™
prQJectlon |l ogic. The voltage on that line 30A is supplied to a trigger
90, and the output of that trigger is supplied to an inverter 92. The
output fromthe inverter is supplied to one input: on gate 94, the other

nputs are connected o]
kTEgse are.not ‘i gﬁhtﬁpﬁédsPHrFﬁFsag éPﬁﬁ% %ﬁ QF g%é%%p}g E?ﬁ3§%§%§$2|on
of the governor, n@helﬁ&h&ﬁf;edrlnhehhsgﬂesqglpchen foe examphe, f they
through the l'nec%%%1%QOQ' %OQhéngede ﬁor,beﬁaU§sf§t§au6£ éﬂ@efiéhtﬂnQ”P of

the fault detectors, volta e I nput to t gg 90 TI se
causing a S|gnal“Panéhﬁr6&5686t0ﬁ19WetBHPHﬁP themiing 3 e1§4d1ﬁ%%nﬁkﬁ¥ﬁﬁ

fromt hiogat ];6 | Sbs:u:ranlseed Faudtf hppe&kepl%onandfthﬁeChaﬁge dé‘téié%ﬁs pL t he
out put rom S a e _set ermnal on that
flip-flop 96 is co ne 3339?o%%h§£ u%BBPkfFSnggenﬁﬁﬁg?gﬁl%60¥1%§%EIay 98,

and that nonost alcleasingepveignadi §nabe produced oot thecowntpot, K from

power - on/ pover - ofhe EQ%E DﬁwerTHE/BQ%EﬁtOEEoﬁ'99@' aéeaﬁﬁuaﬁ%y1§a@péaed 15
t hrough an opto-isql ator I nclyded to_1sol ate ? rotection oglc from

the remaining poft £éA®= §#°Ph8 sy§P€nFFSrcEéFﬁ?ylﬁnﬂtﬂE$s%fr copRa

pur poses, angd wh&gomhgapewes- easeté ﬁhsaaflﬁppemsls | gl CSé t NPeBRINEA L ON,
the nonostabl e 98 nd ets out u

h Th
fromthe isol at oP™1 stgfgo¥@h§p? etSt 8°ﬁﬁ?8L§62€°mﬁ?%H°8$% ?egﬁ S
the high signal fmopesteblel op- &l dplandd8heahd ghhat gnanostabhe rvateives

a signal, from the motor control, power-on/power-off.

That power-on/power-off signal is actually supplied
15 through an opto-isolator 100, included to isolate the
protection'logic from the remaining portions of the
system for safety and noise reduction purpoées, and
when the power-on/off signal appears, indicating power
_ on, the monostable 98 goes high, which sets the flip-
20 flop. The output from the iéolator 100 is also supplied
to gate 102, which, in response to the high signal
from the flip~flop and the high signal on the output
from the isolator 100, activates the switch 104. That -
'sw1tch connects the p051t1ve voltage to supply the
25 PLS voltage - it powers the outputs of. the - pulse width
‘modulators (See Fig. 3). The output from the monostable
98 stays high for a short interval of time. This deléy
allows the transistors to be driven. Eventually, the
monostable goes to zero and, thus, the set terminal
30 goes back to zero. But, that has no effect on the output
| from the flip-flop, énd so the PLS signal continues to
be supplied. But, if when the monostable switches off
the reset input is low, the flip-flop will change state,
and that will turn off the gate 102, which, in turn,
35 will deactivate the switch 104, terminating the production
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fromthe isolator 100, activates the swtch 104. That switch connects the ™

posi tigeesvoltage to supply the 25 - PLS voltage - it powers the outputs of ™ s
t he y\Wi dt h nodul ators (See Fig. 3). The output fromthe -nonostable 98
stays for a short interval afyj4gdnme. This delay allows the transistors

to be I ven: Eventually, the nonostabl.e gpes to zero and, thus, the set

termnal 30 goes back to zero. But, that has no effect on the output U
fromthe flip-flop, and so the PLS signal continues to be supplied. But, "~
if when th n sabl.e switches off_the reset, input is lLow, the flip-flop
w11 charh SLE Riptat, “ie Gaperort it daPe 6F B 0 torn, 35
wi || deacto vallow hehsswitictes] (i Heeropenattiedy fidre gpshehrdt iimtervalld- of the
PLS sign : cty of | . ;Qs"t.i -al 1.0 drives to be
oper at ed fortl-aﬁbghggrl{te’l n:‘tfe).ravgaﬁE r(g)f{.'thz/alq:rene]'%:but ]ifosfa}t;lg’% t%\gtan‘{l%t erval of tine
a fault s Ratated, thhe ALS Fignal iis discomtiinwed. Odbvéeasly.5 the
generAt i othdfgehd o bRy RRA t0ford MR JIfNRMeS dthel e ngled 94 Wil

al so cause trhe' sarr‘}rs re%sul.t. | f, a fault -i resent, it will__override the
oper at i on-bfFAhETES 2% Mt bt sh SRS H’g’é SRS &S H-on 16 3 he PLS

signal . Taslt tie peEsmeartt o tofwitlle ovenasitdebthed dpkia tipnovwfdehean injti al
test, jusdqsig (PP o TT P Qs DOV L lsng supplied to

t he pul s?ﬁ%ﬂlﬁﬁﬁtd&r%%ﬁq%{@% or %tq-ia?ﬂ'ogl_s\sggcitgt%e iv%;ith the Schmtt
tri gger SRl + hdhis.cihe wranatdan iaf dhe menositiaplel 88 96 reset i nput

ar e gt englashitdes o riGli thiml @ OPRIsA i thie! fotidtati sSBelihgl Nterval of
time in aorder. to detect a fault .during .normal %(%er.gtlon. Thi's two- stage
0

appr oach 3 BYEEHi Y PT FOYFEe X8 PG Is CRPIF €S FOo B8 REIERal faults may
appear t ovigitihs modudidtior ,t il 1eh duled opeiraddose asgoicd@teldutwdain. 20

Qovi ousl yohd REHMIME AR gEY e ain'aplt‘?x'ée'&ti?@uiitlry between it
and the flip-flop 96 reset input are intended to control

15 the operation after that short interval of time in order
to detect a fault during normal operation. This two-
stage apprdach is'required because, during startup,
inconsequential faults may appear to exist, faults
that should not cause system.shutdown. -

20 Obviously, the invention may be implemented in
whole or in part with a cOmputer; e.g. a microprocessor,
programmed to carry out the various tests according to
the method that is inherent in the operation of the
embodiment of the invention that has been described

25 previously. 1In addition, for one skilled in the art,
other modifications, variations and alteratidns‘may be
possible. ' R



ﬁhole or in part with a conputer, € g. & microprocessor, progranpednty
céTfy out the various tests according to the nethod that is inhg ‘
gperation of the enmbodinent of the invention that has been descl

previously. In addition, for one skilled-15~the art cati ons,
varjations and alteratlons may be possi.ble. Cainms 1. stem

ch_g;_acterl zed by: a motor, an inverter, for oper mllummu““m havi ng 5
one or nore output power transistors, an invertJ V|d|ng a

control signal to drive the or -each transigig, ahd ‘an"in?¥ Yerter protection
circuit that provides power to a portion of the inverter control and that
10 renoves said power to turn off said transistor in response to particul ar

transi stor operating condi - 11|onss§§@@mogmy&adﬁéffkédmb§¢an5|stor i s being
driven. 2. A systen1accord|nﬁ?to claim1l1, character- 15 ized in that said

power is removed i f the tin® T?*?%kes for the transistor collector-enitter
voltage to drop to the transnsinvestent ufar i opexating cthef mmtarhe hiyviing

signal is appliedy écggdﬁog?cg&&gﬁgéﬁarggtggangq glne interval. 20

3. A systen1§ccor Ing to clarm acter- 1zed In that said power is
renmoved if there is-a rise #M h%??é@?%r°%%¥¥?ber¥ﬂR%&ﬁ?@ﬂﬂﬂu?ef°ntr01

predet erm ned | eveigihi! eot beigei uﬁesbgnahchstﬁaﬂéigfbr4 arfl system
according to cIa|n11 2. or 3 25 chgracter zed n that sai '

renoved if, following a set® P ntRYSEFeLRFRED %FE&%thﬁﬁiﬁﬁﬁ (hé%ﬂﬁFQWéﬂeFo t he
protection circuipowehetoransdstbon cof | the cinverter erontatalagnd Xdedds a

limt. 10 removes said power to turn off said transistor
'in response to particular transistor operating condi-
tions that occur while the transistor is being driven.

2. A system according to claim 1, character-
15 ized in that said power is removed if the time it
takes for the transistor collector-emltter voltage to
drop to the transistor's saturation voltage after
the drive signal is applled exceeds a certain predeter-
mined time interval.

20 3. A system according to claim 2, character-
' ized in that said power is removed if there is a rise
in collector-emitter voltage above a predetermlned level
while the drive signal is_appl;ed

4. A system according to claim 1, 2 or 3,

25 characterized in that said power is removed if,
following a set interval after a start signal is applied
to the protection circuit, the transistor collector-
emitter voltagé exceeds a limit.



-16- 5. A.systemaccording to any preeedirng claim having a plurality of.""
output power transistors,further characterized by:

a r

dr ower fromsaid carrier, a power su f mn operating
po / fromsaid carrier, to the-ilmverterr‘g‘lmnﬂ“lmmn Erot ection
+Nx to aMy. preteding claim
a series switch system the continuity of which is broken

if a partiCyIar transistor operating condition, for any inverter output
power transistor, 55 A $gtémSacdo¥@liqds &OHPEEcE@IndA\did, Khvihigr ent

circuit.

characterized by:

a carrier signal- sourc

&

supply for each transistor for 5———provrarﬁ§’TﬁVEFFér transi stor .

10 6. A system accor

t hrough sai.d swi.tch tem_neans_for, sensi change in said current to
oper at e & RLEE d‘ttgc?qs%ﬁ:p&tr@fﬂef . gﬁﬁnsmtors'ggr&ef Ch%%&ngréﬁr’di ng to

claim6, charactera cagctien shgnadasgusaptch systemincludes, in series,
y controlIgdpkgggsggbgg§,fggcgaeﬁsggbﬁgggtﬁkt@ogn_|nverter-output

Stem substantially as here|nbefore 25

opticall

power. transistaor.

not or

desc i be®TRVLRing: dpYREECE o tERBSASEBRPER}VRgPAYEN hgem sald

10

15

carrier, o

a power supply for providing operating power,
from said carrier, to the inverter control and the
ptotection ciréuit,

6. A system according to any preceding claim,
characterized by: | | _ _

a series switch system, the continuity of
which is broken if a particular transistor operating
condition, for any inverter output power transistor,
occurs, B _ |

a volﬁage source for proviaing current through
said switch system, | _ -

means for sensing a.change in said cu:reht _

to operate said protection circuit.

20

7. A system according to claim 6, character-

~ized in that said switch system includes, in series,

25

optically controlled transistors, each asspciated with
an inverter output power transistor.

_ 8. A motor system substantially as hereinbefore
described with reference to the accompanying drawings?'

O L)



